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SUMMARY 
In o r d e r t o a d d t o t h e g e n e r a l f u n d o f I n f o r m a t i o n r e g a r d i n g t h e 
n a t u r e o f t h e e l e c t r o p h i l e a n d o t h e r r e a c t i n g s p e c i e s a n d t h e p r e s e n c e 
o f i n t e r m e d i a t e s , i f a n y , t h e k i n e t i c s o f t h e i o d i n a t i o n o f 2 , 6 - d i -
b r o m o p h e n o l a n d 2 , 6 - d i b r o m o p h e n o l - 4 _ d w e r e s t u d i e d a t c o n s t a n t h y d r o g e n 
i o n c o n c e n t r a t i o n a n d v a r y i n g i o d i d e i o n c o n c e n t r a t i o n , b u t a t c o n s t a n t 
i o n i c s t r e n g t h a n d t e m p e r a t u r e . 
I t w a s d e m o n s t r a t e d t h a t t h e r e a c t i o n i s f i r s t - o r d e r i n s t o i c h i o ­
m e t r i c i o d i n e a n d f i r s t - o r d e r i n t h e p h e n o l . T h e i o n i c s t r e n g t h w a s 
k e p t c o n s t a n t a t 0.300 a n d t h e t e m p e r a t u r e a t 50 .0° . T h e r e a c t i o n w a s 
r u n i n $0 m l . , 100 m l . , o r 250 m l . r e d , l o w - a c t i n i c v o l u m e t r i c f l a s k s 
a n d t h e r a t e m e a s u r e d b y s t o p p i n g t h e r e a c t i o n w i t h a s a t u r a t e d s o l u t i o n 
o f s o d i u m i o d i d e a t m e a s u r e d t i m e i n t e r v a l s . T h e c o n c e n t r a t i o n o f u n -
r e a c t e d i o d i n e w a s d e t e r m i n e d b y t i t r a t i o n w i t h s t a n d a r d s o d i u m t h i o -
sulfate solution to t h e s t a r c h - i o d i n e e n d point. 
S e c o n d o r d e r r a t e c o n s t a n t s w e r e c a l c u l a t e d a t e a c h p e r c e n t 
r e a c t i o n b y t h e i n t e g r a t e d r a t e e q u a t i o n 
k _ 2 .303 l Q a ( b - x ) 
a p p ( b - a ) t 9 b ( a - x ) 
i n w h i c h a a n d b d e s i g n a t e t h e i n i t i a l s t o i c h i o m e t r i c i o d i n e a n d p h e n o l 
c o n c e n t r a t i o n s , r e s p e c t i v e l y , _t i s t h e e l a p s e d t i m e i n s e c o n d s , a n d x 
i s t h e c o n c e n t r a t i o n o f i o d i n e c o n s u m e d i n t i m e t . 
T h e a p p a r e n t r a t e c o n s t a n t s g e n e r a l l y s h o w e d a d o w n w a r d d r i f t a s 
t h e r e a c t i o n p r o c e e d e d . S u c h a d r i f t w a s m o r e p r o n o u n c e d a t l o w i o d i d e 
i o n c o n c e n t r a t i o n a n d , t h e r e f o r e , a p p a r e n t r a t e c o n s t a n t s w e r e p l o t t e d 
v e r s u s t h e p e r c e n t r e a c t i o n a n d e x t r a p o l a t e d t o z e r o p e r c e n t r e a c t i o n 
t o g i v e t h e i n i t i a l a p p a r e n t r a t e c o n s t a n t . H o w e v e r , a t h i g h i o d i d e 
i o n c o n c e n t r a t i o n s , t h e a p p a r e n t r a t e c o n s t a n t s r e m a i n e d e s s e n t i a l l y 
c o n s t a n t t h r o u g h o u t a r e a c t i o n a n d a n a v e r a g e w a s t a k e n . 
O n e r e a s o n f o r t h e v a r i a t i o n o f a p p a r e n t r a t e c o n s t a n t s w i t h t h e 
c o n c e n t r a t i o n o f i o d i d e i o n i s t h e c o n v e r s i o n o f i o d i n e i n t o u n r e a c t i v e 
t r i i o d i d e i o n b y t h e r e a c t i o n 
«i . [ i 3 ] 
i 2 + 1 * i 3 ; K, = I T - j [ F 1 
T h e a p p a r e n t r a t e c o n s t a n t s w e r e c o r r e c t e d f o r t r i i o d i d e f o r m a t i o n 
t h r o u g h t h e e q u a t i o n 
k = k - — -
a p p [ i 2 ] 
w h e r e [ l 2 ] r e f e r s t o t h e a c t u a l c o n c e n t r a t i o n a n d ( l 2 ) r e f e r s t o t h e 
s t o i c h i o m e t r i c c o n c e n t r a t i o n . T h e v a l u e s o f k w e r e c a l c u l a t e d f o r 
e a c h r u n a t z e r o p e r c e n t r e a c t i o n . S i m i l a r l y , t h e r a t e c o n s t a n t k ' 
= k x [ 1 - ] f — C i 2 ) [ T ] _ ,.  
app [ i 2 ] 
w h i c h s h o u l d b e c o n s t a n t a c c o r d i n g t o B e r l i n e r ' s m e c h a n i s m o f i o d i n a -
t i o n , w a s c a l c u l a t e d f o r e a c h r u n a t d i f f e r e n t i o d i d e i o n c o n c e n t r a t i o n s 
T h e d a t a a r e c o n s i s t e n t w i t h a m e c h a n i s m i n w h i c h m o l e c u l a r i o ­
d i n e r e a c t s w i t h b o t h t h e p h e n o l a n d p h e n o x i d e i o n i n a r e v e r s i b l e s t e p 
t o y i e l d a n i n t e r m e d i a t e h a v i n g a c y c l o h e x a d i e n o n e s t r u c t u r e . T h e 
xi 
intermediate then in a rate-determining-step loses a proton to a 
Bronsted base such as the solvent. 
ArHOH «± ArHO" + H+ 
ArHO + 1 2 <± ArHO I + I 
i 2 -
 + 
ArHOH + I 2 <± ArHOI +1 + H 
slow 
ArHOI + H20 • products 
K3 
Such a mechanism demands that a plot of l/(kx[H+]) versus [i ] give a 
straight line. The experimental results were in agreement with the 
postulated mechanism since a straight line was obtained with an inter­
cept of 70 sec. ^  and a slope of 152 x 10^" l./mole sec. This mechanism 
also demands a maximum isotope effect at high iodide ion concentrations 
which diminishes with decreasing iodide ion concentration. The maximum isotope effect (k^  /kD ) observed was 5.8 + 0.6 at high iodide ion K
 app/ app - 3 
concentration and it dropped to 4«0 + 0.4 at very low iodide ion con­
centration. 
Other mechanisms, such as Berliner's and its modifications were 
considered. According to this mechanism, the reaction proceeds via 
a rate-determining attack of hypoiodous acidium ion (h20I+) or (l+) 
upon the phenoxide ion followed by a fast proton removal. 
I2 + H20 «± H20I+ + i" + - slow H20I + ArHO -si^  ArHOI + H20 
fa qt 
ArHOI + H20 > products 
xii 
Such a mechanism demands that the values of k1 remain constant with 
varying iodide ion concentration. This mechanism was discarded since 
the values of k1 were observed to diminish with decreasing iodide ion 
concentration. 
+ + 
The possibility of iodination by both I and H2OI was also 
considered. However, a plot of kx versus l/[l J did not give a 
straight line as required and this mixed mechanism was also discarded. 
Iodination at extremely low but constant iodide ion concentra­
tion was studied by the use of thallium perchlorate, which acts as 
iodide ion regulator by precipitating iodide ion formed during the re­
action. Such an experiment was useful in that it allowed the measure­
ment of deuterium isotope effect at very low iodide ion concentration. 
Bromination of 2,6-dibromophenol was studied under conditions 
similar to those employed by Grovenstein and Henderson in order to 
determine if a deuterium isotope effect could be detected in such a 
bromination reaction. A deuterium isotope effect of 1.30 + 0.10 (k^  /)fP ) was observed in 80.0 per cent acetic acid by weiqht at 20.0° app' app ^ / a 
and 1.33 + 0.02 in water at 0°. 
CHAPTER I 
INTRODUCTION 
Electrophi l ic aromatic substitution is a reaction wherein a 
Lewis acid, or a substance capable of giving up a Lewis acid, attacks 
an aromatic molecule displacing, most commonly, a hydrogen atom. How­
ever, other suitably activated groups may be displaced in preference 
to a hydrogen atom as in the bromination of dibromobenzoic acid in 
aqueous acetic acid''' (where Ar is C^H^Br^). 
Ar(0H)(C00H) + Br 2 • ArBr(OH) + C02 + HBr 
Hydrogen substitution reactions could proceed conceivably by a 
one step termolecular mechanism which might involve an activated com­
plex such as (x-—ArH B ) , where X is the attacking e lec t rophi le , ArH 
2 
is the substrate, and B is a base. This mechanism has been discarded, 
3 
but not yet disproved. The more generally accepted mechanism is that 
in which the aromatic nucleus is f i r s t attacked by the e lect rophi le and 
the proton removed in the following step. In this la t te r mechanism, 
the rate-determining step may be either the attack of the e lect rophi le 
or the removal of the proton. A few cases have also been noted in 
(1) E. Grovenstein, Jr. and U. V. Henderson, Jr., J. Am. Chem. Soc. , 
78, 569 (1956). 
(2) C. K. Ingold, Structures and Mechanisms in Organic Chemistry, 
Ithaca, N. Y . : Cornell University Press, 1953, pp. 207-212. 
(3) G. S. Hammond, J. Am. Chem. S o c , 77, 334 (1955) -
2 
which the rate-determining step is the formation of the e lectrophi le 
and the rate of the reaction independent of the aromatic species. This 
is i l lus t ra ted in the ch.l orination of phenol in a solution of hypochlor-
ous acid and perchloric acid. 
H0C1 + H30 *± H2OCl + H20 
H 2 X 1 + ^ ™ Cl + ' + H20 
An example of a reaction in which the attack of the e lec t ro ­
phile on the aromatic nucleus is the slow step in the bromination of 
2 96-dibromophenol.^ 
The rate-determining step may also be the release of a proton from the 
carbon atom, undergoing attack by the e lec t rophi le . This is exemplified 
5 6 
by the sulfonation of benzene.' 5 
(4 ) P» B. de la Mare, E. D. Hughes and C. A. Vernon, Research 
(London), 3 , 1 9 2 ( . 1 9 5 0 ) . 
( 5 ) L. Melander, Acta Chem. Scand., 3 , 9 5 ( 1 9 4 9 ) . 
( 6 ) L. Melander, Arkiv Kemi, 7 , 2 8 7 ( 1 9 5 4 ) . 
3 
+ 
I n r e a c t i o n s i n w h i c h O H b o n d b r e a k i n g i s t h e s l o w s t e p , i t i s 
e x p e c t e d t h a t a O D o r O T b o n d w i l l b e b r o k e n m o r e s l o w l y t h a n t h e 
O H b o n d . T h i s i s l a r g e l y d u e t o t h e d e c r e a s e d r e a c t i v i t y o f b o n d s t o 
d e u t e r i u m o r t r i t i u m a s a r e s u l t o f t h e d i f f e r e n c e i n z e r o - p o i n t e n e r g y 
7 8 
b e t w e e n a b o n d t o d e u t e r i u m o r t o t r i t i u m a n d a b o n d t o p r o t i u m . ' A 
c o m p l e t e d i s c u s s i o n o f t h e t h e o r y o f s u c h i s o t o p e e f f e c t s i s g i v e n b y 
9 
M e l a n d e r . I t h a s a l s o b e e n a r g u e d t h a t t h e a b s e n c e o f a n i s o t o p e e f ­
f e c t d o e s n o t n e c e s s a r i l y e l i m i n a t e t h e p o s s i b i l i t y o f t h e s l o w p r o t o n 
3 
r e m o v a l a s t h e r a t e - d e t e r m i n i n g s t e p a s t h e i s o t o p e e f f e c t m a y b e t o o 
s m a l l t o d e t e c t . 
P a i n t e r a n d S o p e r " ^ c o n c l u d e d t h a t t h e i o d i n a t i n g s p e c i e s i n 
t h e a q u e o u s i o d i n a t i o n o f p h e n o l i s t h e h y p o i o d o u s a c i d i u m i o n , w h i l e 
B e r l i n e r " ^ c o n c l u d e d t h a t t h e h y p o i o d o u s a c i d i u m o r i o d i n e c a t i o n i s 
(7 ) L. M e l a n d e r , N a t u r e , 1_63, 599 (194-9). 
(8) L. M e l a n d e r , A r k i v K e m i , 7, 287 (1954). 
(9) L. C . M e l a n d e r , I s o t o p e E f f e c t s o n R e a c t i o n R a t e s , N e w Y o r k : 
R o n a l d P r e s s C o . , I960. 
(10) B . S . P a i n t e r a n d F . G . S o p e r , J . C h e m . S o c , 34-2, (1947). 
(11) E . B e r l i n e r , J . A m . C h e m . S o c . , 72, 4003 (1950). 
12 
O 
Br H 
( a ) 
I H 
(12) I n g o l d , o £ . c r t . , p . 291. 
(13) I b i d . , p . 295. 
(14) H . G . K u v i k a a n d R . M. W i l l i a m s , J . A m . C h e m . S o c . , 76, 2679 
(1954). 
(15) A . H . Z e l t m a n a n d M. K a h n , J . A m . C h e m . S o c . , 76, 1554 (1954). 
(16) E . G r o v e n s t e i n , J r . a n d D . C K i l b y , J . A m . C h e m . S o c . , 79 
2972 (1957). 
t h e i o d i n a t i n g s p e c i e s i n t h e i o d i n a t i o n o f a n i l i n e . I n g o l d h a s s t a t e d 
t h a t t h e r e i s n o e v i d e n c e a s y e t t h a t a n y i o d i n e c a r r i e r o t h e r t h a n t h e 
c a t i o n i c s p e c i e s i s e f f e c t i v e i n a r o m a t i c i o d i n a t i o n i n a q u e o u s s o l u ­
t i o n . I n g o l d i s o f t h e o p i n i o n t h a t t h e m o d e o f a t t a c k o f t h e e l e c t r o -
p h i l i c h a l o g e n a t i n g a g e n t s o n t h e b e n z e n e r i n g i s s i m i l a r t o t h a t o f 
n i t r a t i n g a g e n t s i n w h i c h t h e l o s s o f a p r o t o n f r o m t h e a r o m a t i c n u c l e u s 
13 
i s k i n e t i c a l l y i n s i g n i f i c a n t . 
M o l e c u l a r i o d i n e h a s b e e n f o u n d t o b e t h e e f f e c t i v e i o d i n a t i n g 
a g e n t f o r t h e i o d i n a t i o n o f j o - m e t h o x y b e n z e n e b o r o n i c a c i d i n a q u e o u s s o ­
l u t i o n , ' ^ a n d i s a p p a r e n t l y r e s p o n s i b l e f o r t h e e x c h a n g e r e a c t i o n b e -
15 
t w e e n r a d i o a c t i v e i o d i n e a n d d i i o d o t y r o s m e . G r o v e n s t e i n a n d c o ­
w o r k e r s " ' " 5 ' ^ h a v e p r o p o s e d a m e c h a n i s m f o r t h e i o d i n a t i o n o f p h e n o l . 
I n t h e b r o m i n a t i o n o f 2 , 6 ~ d i b r o m o p h e n o l t h e y f o u n d t h a t t h e i n t e r m e d i ­
a t e ( a ) s h o w e d l i t t l e t e n d e n c y t o r e a c t w i t h b r o m i d e i o n , " ' " w h i l e t h e y 
a r g u e d t h a t i n t e r m e d i a t e ( b ) s h o u l d s h o w a g r e a t e r t e n d e n c y t o r e a c t 
w i t h i o d i d e i o n . 
0 
Br 
5 
T h i s a r g u m e n t i s s u p p o r t e d b y t h e g r e a t e r n u c l e o p h i l i c c h a r a c t e r o f 
17 
i o d i d e i o n t h a n b r o m i d e i o n a n d t h e i n c r e a s e d e a s e o f n u c l e o p h i l i c 
18 
d i s p l a c e m e n t u p o n i o d i n e t h a n b r o m i n e . T h e m e c h a n i s m p r o p o s e d b y 
G r o v e n s t e i n a n d c o - w o r k e r s i n v o l v e s t h e r a p i d , r e v e r s i b l e a t t a c k o f 
m o l e c u l a r i o d i n e o n t h e a r o m a t i c n u c l e u s t o g i v e a n i n t e r m e d i a t e ( b ) , 
w h i c h s u f f e r s t h e l o s s o f a p r o t o n t o a b a s e i n t h e s l o w s t e p o f t h e 
r e a c t i o n . 
T h e p u r p o s e o f t h i s r e s e a r c h i s t o a t t e m p t t o e l u c i d a t e t h e 
m e c h a n i s m o f i o d i n a t i o n a n d b r o m i n a t i o n o f a r o m a t i c m o l e c u l e s w i t h 
s p e c i a l r e g a r d t o t h e n a t u r e o f t h e a t t a c k i n g s p e c i e s , t h e p r e s e n c e o f 
i n t e r m e d i a t e s , i f a n y , a n d t h e d e t e r m i n a t i o n o f t h e r a t e - d e t e r m i n i n g 
s t e p . A s t u d y h a s b e e n m a d e o f t h e i o d i n a t i o n a n d b r o m i n a t i o n o f 2,6-
d i b r o m o p h e n o l a n d i t s d e u t e r a t e d d e r i v a t i v e a t v a r i o u s i o d i d e i o n a n d 
b r o m i d e i o n c o n c e n t r a t i o n s . K n o w l e d g e o f t h e m e c h a n i s m f o r t h e i o d i ­
n a t i o n a n d b r o m i n a t i o n o f 2 , 6 - d i b r o m o p h e n o l s h o u l d c o n t r i b u t e t o w a r d 
a n u n d e r s t a n d i n g o f t h e m e c h a n i s m f o r t h e i o d i n a t i o n a n d b r o m i n a t i o n 
o f related c o m p o u n d s . 
(17) C . G . S w a i n a n d C . B . S c o t t , J . A m . C h e m . S o c . , 75, H I (1953). 
(18) J . H i n e a n d W . H . B r a d e r , J r . , J . A m . C h e m . S o c . , 75, 3964 
(1953). 
CHAPTER II 
SURVEY OF RELATED WORK 
The Iodination of Phenols.—A literature survey reveals a considerable 
amount of mechanistic investigation of the halogenation of phenols. 
19 
Cofman concluded that molecular iodine is incapable of iodinating 
aromatic compounds on the basis that molecular iodine did not iodinate 
phenol in acid solution, while in basic solution, where iodine is con­
verted to hypoiodous acid, the iodination proceeded smoothly. 
Soper and Smith studied the iodination of phenol in nearly 
neutral, phosphate-buffered solutions at high iodide ion concentrations 
20 
such that essentially a l l the iodine was complexed to triiodide ion. 
These authors found the rate of the reaction to be directly propor­
tional to the concentrations of phenol and stoichiometric iodine, but 
inversely proportional to the square of the iodide ion concentration. 
The reaction also varied inversely to more than the f irst power and less 
than the second power of the actual hydrogen ion concentration. The 
authors concluded that both the phenol and phenoxide ion are iodinated 
by hypoiodous acid. 
rate = k,[PhOH][HOl] + k 2[PhO~][H0l] 
(19) V. Cofman, J. Chem. S o c , 115, 10^ 0 (1919). 
(20) F. G. Soper and G. F. Smith, J. Chem. S o c , 2757 (1927). 
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P a i n t e r a n d S o p e r " * " ^ f o u n d t h a t t h e r a t e o f i o d i n a t i o n i n a c e t a t e 
b u f f e r v a r i e d i n v e r s e l y w i t h t h e h y d r o g e n i o n c o n c e n t r a t i o n a n d w i t h 
t h e s q u a r e o f t h e i o d i d e i o n c o n c e n t r a t i o n . T h e y c o n c l u d e d t h a t t h e 
r e a c t i o n m a y i n v o l v e i n t e r a c t i o n o f h y p o i o d o u s a c i d w i t h p h e n o l o r i o ­
d i n e c a t i o n s w i t h p h e n o x i d e i o n s . T h e r a t e o f i o d i n a t i o n w a s a l s o 
f o u n d t o i n c r e a s e l i n e a r l y w i t h t h e c o n c e n t r a t i o n o f t h e b u f f e r a c i d 
a t c o n s t a n t p H . T h e y i n t e r p r e t e d t h i s c a t a l y t i c e f f e c t i n t e r m s o f a n 
i n t e r a c t i o n o f a c e t y l h y p o i o d i t e w i t h p h e n o x i d e i o n s . 
^ = k 0 [ P h O H ] [ H O l ] + k c a t [ P h O * ] [ A c O l ] 
o r 
^ - k 0 [ P h O * ] [ l + ] + k c a t [ P h O * ] [ A c O l ] 
21 
B r e l i n e r s t u d i e d t h e k i n e t i c s o f t h e i o d i n a t i o n o f p h e n o l a t 
h i g h i o d i d e i o n c o n c e n t r a t i o n ( 0 . 1 2 M ) i n p h o s p h a t e b u f f e r s i n w h i c h 
b o t h s e c o n d a r y a n d p r i m a r y p h o s p h a t e a r e c a t a l y t i c a l l y a c t i v e . T h e 
p h e n o l t o i o d i n e r a t i o w a s 4- t o 1 a n d t h e i o n i c s t r e n g t h w a s k e p t c o n ­
s t a n t a t 0.300 b y t h e a d d i t i o n o f N a C l . H i s e x p e r i m e n t a l d a t a a g r e e d 
w i t h t h e f o l l o w i n g r a t e e x p r e s s i o n : 
^ [ P h O H ] ^ ] k 2 [ P h O H ] [ l 2 ] [ H A ] 
r a t e = — + ; 5 
[ K * - ] [ I - ] [ H + P [ r ] 
w h e r e HA i s a b u f f e r a c i d . I t s e e m s p r o b a b l e f r o m h i s r e s u l t s t h a t t h e 
p h e n o x i d e i o n i s t h e r e a c t i v e s p e c i e s a n d t h e k i n e t i c s a r e c o m p a t i b l e 
w i t h a g e n e r a l a c i d c a t a l y z e d i o d i n a t i o n b y H O I . B e r l i n e r t h e n s t a t e d , 
( 2 1 ) E . B e r l i n e r , J . A m . C h e m . S o c , 7 3 , 4307 ( l 9 5 l ) . 
8 
w i t h o u t d i r e c t e x p e r i m e n t a l e v i d e n c e , t h a t t h e p r o t o n l o s s i n t h e i o d i ­
n a t i o n o f p h e n o l i s p r o b a b l y k i n e t i c a l l y i n s i g n i f i c a n t a n d t a k e s p l a c e 
a f t e r t h e r a t e - d e t e r m i n i n g s t e p - H i s o b s e r v e d r a t e c o n s t a n t s a r e 
e x p r e s s e d a s 
_ k 0 k ; a t ( b a s e ' ) k ^ t ( b a s e " ) 
k o b s [ H + ] + [ H + ] 
w h e r e k . i s t h e o b s e r v e d r a t e c o n s t a n t a n d k n r e f e r s t o t h e u n c a t a -
o b s u 
l y z e d r a t e c o n s t a n t . T h e r a t e c o n s t a n t s k^ ^ a n d k ^ ^ a r e t h e c a t a l y ­
t i c r a t e c o n s t a n t s o f t h e p r i m a r y a n d s e c o n d a r y p h o s p h a t e , r e s p e c t i v e l y , 
T h e t r u e r a t e c o n s t a n t s w e r e t h e n o b t a i n e d b y p l o t t i n g k Q j 3 s [ H + ] v e r s u s 
t h e p r i m a r y p h o s p h a t e i o n c o n c e n t r a t i o n u s i n g f i v e d i f f e r e n t b u f f e r 
r a t i o s ( p H 5-71-6.6l). B e r l i n e r t h e n c o n c l u d e d t h a t t h e h a l o g e n a t i o n 
o f p h e n o l i n v o l v e s t h e p h e n o x i d e i o n a s a n a c t i v e s u b s t r a t e . 
r a t e = k 0 [ P h O ~ ] [ H O l ] [ H + ] + k [ P h O " ] [ H O l ] [ A c i d ] 
22 
L i , s t u d y i n g t h e i o d i n a t i o n o f j o - c h l o r o p h e n o l a t v a r y i n g i o d i d e 
i o n c o n c e n t r a t i o n s , c o n c l u d e d t h a t t h e a c t i v e h a l o g e n a t i n g s p e c i e s i s 
h y p o i o d o u s a c i d , t h e r a t e b e i n g g i v e n b y 
r a t e = ^ [ P h O H ] [ H O l ] + k 2 [ P h O ~ ] [ H O l ] . 
23 
T a y l o r a n d E v a n s f o u n d a n i n v e r s e h y d r o g e n i o n d e p e n d e n c e i n 
t h e i o d i n a t i o n o f 2 , 4 - d i c h l o r o p h e n o l a n d c o n c l u d e d t h a t t h e p h e n o l a t e 
(21) Eo B e r l i n e r , Jo A m . C h e m . S o c . , 73, 4-307 ( l 9 5 l ) . 
(22) Co H . L i , J . A m . C h e m . S o c . , 70, 1716 (1948). 
(23) J » T a y l o r a n d M. E v a n s , O h i o J o u r n a l o f S c i e n c e , 53, 507 (1954). 
9 
ion and molecular iodine are the act ive species. 
The iodination of phenol in the presence of pyridine was studied 
by Tronov and Kolesnikova. The rate of iodination was increased by 
the addition of pyridine and the authors assumed the formation of a 
highly react ive species [C"6H 5 NI + ][l ] which was believed to be the 
iodinating agent. 
25 
Berl iner , Berliner and Nelidow studied the r e l a t ive rates of 
iodination of para-alky1 phenols in different aqueous solutions of ace­
t i c acid, methyl alcohol, and dioxane. In each case the r e l a t i ve rates 
indicated the predominate operation of inductive e f fec t in the order 
Me 3C> Me2C > E t > Me. The authors gave no mechanism, but assumed the 
iodinating agent to be either I + of H 2 0 I + . 
26 
Berliner has studied the kinetics of iodination of p_-chloro-
phenol with ICI in aqueous perchloric acid at constant ionic strength 
and high chloride ion concentrations. The reaction was found to be 
f i r s t order in p_-chlorophenol and ICl concentrations and inversely de­
pendent upon the hydrogen ion and chloride ion concentrations. Ber-
27 
l iner also studied the iodination of 2,4--dichlorophenol and anisole 
with ICl in aqueous perchloric acid solution at high chloride ion and 
hydrogen ion concentrations. Both reactions were found to be f i r s t 
order in 2,4-™dichlorophenol and ICl concentrations. The 2,4.-dichloro-
(24-) B. Tronov and S. Kolesnikova, Soobscheniya Mauch Rabot. 
Vsesoynz Khim. Obshchestva im. Mendeleeva, 1, 4.6 (1953); C.A, ^ 9 , 8173 
(1955). ' 
(25) E. Berliner, F. Berliner and I . Nelidow, J. Am. Chem. Soc. , 
76 , 507 (1954-) • 
(26) E. Berliner, J. Am. Chem. S o c , 78, 3632 (1956). 
(27) E. Berliner, J. Am. Chem. S o c , 80, 856 (1958). 
10 
phenol was found to be inversely dependent upon the chloride ion and 
hydrogen ion concentrations- Anisole was found to be independent of 
the hydrogen ion concentration except at very high concentrations. 
28 
Buss and Taylor investigated the iodination of 2,4-dichloro­
phenol in aqueous phosphate buffers with molecular iodine. The 
reaction was found to be f irst order in 2,4-dichlorophenol and iodine 
concentrations overall and inversely dependent upon the iodide ion and 
hydrogen ion concentrations. 
Bromination of 2,4- and 2,6-dibromophenol.—Grovenstein and Henderson"*" 
in their work on the kinetics and mechanism of bromodecarboxylation of 
3,5-dibromo-2-hydroxy- and 395-dibromo-4-hydroxybenzoic acids studied 
the bromination of 2,4- and 2,6-dibromophenol. At constant hydrogen ion 
concentration, their values of k were found to be constant within 11 
per cent over a three fold variation in bromide ion concentration. 
This bromide ion dependence indicated that molecular bromine is the ef-
fective brominating agent. A plot of k at constant bromide ion concen­
tration versus the reciprocal of the hydrogen ion concentration revealed 
a linear relationship with k increasing as the hydrogen ion concentra­
tion decreases. The data closely fitted 
k a p p M B r ^ B r - ] 
[ B r ; ] 
where k is the observed rate constant, is the equilibrium con-
app 7 1 
stant for tribromide ion formation, and k x is the actual rate constant. 
(28) W. C. Buss and J. E. Taylor, J. Am. Chem. S o c , 82, 5991 
( I 9 6 0 ) . 
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HERE THE PARENTHESES ( ) INDICATE STOICHIOMETRIC CONCENTRATION, 
AND THE SQUARE BRACKET [" ] INDICATES ACTUAL CONCENTRATION. THIS CON­
VENTION WILL BE USED THROUGHOUT THIS THESIS. 
THE MECHANISM FITTING THIS K RELATIONSHIP IS: 
F A C F + 
ARHOH IT ARHO + H 
ARHO + BR
 2 — > BR + ARHBRO 
K. 
•2 + ARHOH + BR 2 — * - BR + H + ARHBRO 
K 3 -
 + 
ARHBRO — * ARBRO + H 
THE RATE-DETERMINING STEP IS THE ATTACK OF MOLECULAR BROMINE ON THE 
PHENOL OR PHENOXIDE ION. THERE APPEARED TO BE LITTLE TENDENCY FOR THE 
ARHBRO INTERMEDIATE TO REVERT TO THE STARTING PHENOL. 
THESE AUTHORS THEN PROPOSED A NEW MECHANISM FOR THE IODINATION 
OF PHENOLS BASED ON ANALOGIES FROM THE BROMINATION OF THE DIBROMOPHENOLS 
AND BROMODECARBOXYLATIONS. THIS MECHANISM WHICH, IS IN AGREEMENT WITH 
THE DATA OF BERLINER AND SOPER AND CO-WORKERS FOR PHENOL, IS AS FOLLOWS: 
PHOH <± PHO" + H + 
PhOH + I 2 0 ^  ^ + I~ + H + 
PhO" + 1 2 0 ^ + I* 
0 I ^ ^ - 0 ~ + H + (GENERAL BASE CATALYSIS) 
12 
I f t h i s m e c h a n i s m i s c o r r e c t , t h e n m o l e c u l a r i o d i n e i s t h e e f f e c t i v e 
i o d i n a t i n g a g e n t , a n d t h e r a t e - d e t e r m i n i n g s t e p i s t h e r e l e a s e o f t h e 
p r o t o n . T h i s i o d i n a t i o n a g e n t h a s b e e n s h o w n t o b e r e s p o n s i b l e f o r t h e 
i o d i n a t i o n o f g - m e t h o x y b e n z e n e b o r o n i c a c i d t h e a q u e o u s s o l u t i o n a t i o ­
d i d e i o n c o n c e n t r a t i o n s o f O d t o 0,5 M" 1^ a n d i s a p p a r e n t l y r e s p o n s i b l e 
f o r t h e e x c h a n g e r e a c t i o n b e t w e e n r a d i o a c t i v e i o d i n e a n d d i i o d o t y r o s i n e 
D e u j t e r i u m _J_s__oto£e Ef_f e c t s in E l e c t r o p h i l i c A r o m a t i c S u b s t i t u t i o n . - - - M e -
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l a n d e r 5 c o n d u c t e d a n u m b e r o f n i t r a t i o n s o f a r o m a t i c c o m p o u n d s a n d 
t h e i r t r i t i u m a n a l o g u e s u s i n g r e l a t i v e h i g h p r o p o r t i o n s o f n i t r i c a c i d 
a n d a r o m a t i c c o m p o u n d t o s u l f u r i c a c i d i n e a r l y a t t e m p t s t o d e t e r m i n e 
i s o t o p e e f f e c t s i n e l e c t r o p h i l i c a r o m a t i c s u b s t i t u t i o n . No d e t e c t a b l e 
t r i t i u m i s o t o p e e f f e c t w a s o b s e r v e d a n d h e c o n c l u d e d t h a t t h e s u b s t r a c -
t i o n o f t h e p r o t o n w a s n o t t h e r a t e - c o n t r o l l i n g s t e p . M e l a n d e r d e c i d e d 
t h a t i f t h e a t t a c k o f N O ^ i s r a t e - d e t e r m i n i n g , t h e n t h e r e s h o u l d b e n o 
o b s e r v a b l e I s o t o p e e f f e c t . 
I c e l a n d e r ' s m e c h a n i s m o f a r o m a t i c s u b s t i t u t i o n w a s c o n f i r m e d b y 
29 
B o n n e r , B o w y e r a n d W i l l i a m s i n t h e n i t r a t i o n o f n i t r o b e n z e n e a n d 
30 
p e n t a d e u t e r i o n i t r o b e n z e n e . L a u e r a n d N o l a n d a l s o c o n c u r r e d a f t e r 
s t u d y i n g t h e n i t r a t i o n o f b e n z e n e a n d m o n o d e u t e r i o b e n z e n e . B o n n e r a n d 
(29) T . G . B o n n e r , F . B o w y e r a n d G . W i l l i a m s , J . C h e m . S o c . , . 3274 
(1952). 
(30) W . M. L a u e r a n d W . E . N o l a n d , J . A m . C h e m . S o c . , 75, 3689 
(1953). 
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31 W i l k e n s ' o b s e r v e d a s m a l l i s o t o p e e f f e c t i n t h e c y c l o d e h y d r a t i o n o f 
2 - ( 2 , 4 ? 6 - t r i d e u t e r i o a n i l i n e ) ~ p e n t - 2 - e n - 4 - o n e a n d i t s p r o t i u m a n a l o g u e . 
T h e y c o n s i d e r e d t h i s t o b e a n i n t r a m o l e c u l a r e l e c t r o p h i l i c s u b s t i t u t i o n . 
32 
R o b e r t s o n p o i n t e d o u t t h a t t h e p r o t o n l o s s i s p r o b a b l y r a p i d 
i n a r o m a t i c h a l o g e n a t i o n a n d n o t r a t e - d e t e r m i n i n g . M e l a n d e r ^ r e p o r t e d 
t h a t t h e r a t e s o f I o d i n e - c a t a l y z e d b r o m i n a t i o n o f t o l u e n e a n d t r i t i a t e d 
33 
t o l u e n e w e r e i d e n t i c a l , d e l a M a r e , D u n n a n d H a r v e y s t u d i e d t h e 
b r o m i n a t i o n o f b e n z e n e a n d h e x a d e u t e r i o b e n z e n e b y a q u e o u s h y p o b r o m o u s 
a c i d a n d o b t a i n e d n o d e u t e r i u m i s o t o p e e f f e c t . H o w e v e r , b r o m i n a t i o n o f 
3 
2 - n a p h t h o l - 6 , 8 - d i s u l p h o n i c a c i d g a v e a d e u t e r i u m i s o t o p e e f f e c t o f 2.0. 
35 
Z o l l i n g e r s t u d i e d t h e b a s e c a t a l y z e d a z o c o u p l i n g r e a c t i o n o f 2-
n a p h t h o l - 6 , 8 - d i s u l p h o n i c a c i d a n d t h e l - d e u t e r i o - 2 - n a p h t h o l - 6 , 8 - d i -
s u l p h o n i c a c i d w i t h t h e 4 - c h l o r o b e n z e n e d i a z o n i u m i o n a n d f o u n d a n i s o ­
t o p e e f f e c t o f 6.55. A s i m i l a r d e u t e r i u m i s o t o p e e f f e c t w a s o b t a i n e d 
i n t h e d i a z o c o u p l i n g r e a c t i o n o f r e l a t e d c o m p o u n d s . 
(31) T . G . B o n n e r a n d J . M. W i l k e n s , J . C h e m . S o c . , 2358 (1955). 
(32) P . W . R o b e r t s o n , J . C h e m . S o c . , 1267 (1954). 
(33) P . B . D . d e l a M a r e , T . M. D u n n a n d J . T . H a r v e y , J . C h e m . 
S o c , 923 (1957). 
(34) H . Z o l l i n g e r , E x p e r i e n t i a , 12, 165 (1956). 
(35) H . Z o l l i n g e r , H e l v . C h i m . A c t a . , 38, 1603 (1955). 
CI 
; o 3 
SO, 
NO; 
0-
pYridine) + H + * 4.78 
B a s e % / K D 
55.6 M Water 6.55 
0.0232 M Pyridine 6.01 
0*905 M Pyridine 3-62 
The iodination of 2,4-,6-trideuterioaniline and related compounds 
was studied by Shilov and Weinstein. They found that the introduction 
of a sulphonic group in. the meta-position diminished the isotope e f fec t 
(36) E. Shilov and F. Weinstein, Nature, 132, 1300 (1958). 
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APPRECIABLY AND ATTRIBUTED THIS DECREASE TO "ENERGETIC PECULARITIES" 
OF THE REACTING AROMATIC MOLECULE. THE FOLLOWING COMPOUNDS WERE IODI-
NATED: 
CONIPJDIIRID 
D
 N ( C H 3 ) 2 
D S0 3 
D N ( C H 3 ) 2 
RJ COO" 
D 
,D 
NH2 
K H / K D 
1.4 
3.5 
D 
D { VHN-CHJ 3 . 2 
D 
D 
t 
> N ( C H 3 ) 2 3.0 
D NH2 
2.0 
S0 3 
16 
A n i s o t o p e e f f e c t o f 1.8 f o r t h e b r o m i n a t i o n o f d i m e t h y l a n i l i n e 
a n d i t s 2 , 4 . , 6 - t r i d e u t e r i o d e r i v a t i v e w a s r e p o r t e d b y F a r r e l l a n d M a s o n . 
38 39 
B e r l i n e r 5 h a s r e c e n t l y r e i n v e s t i g a t e d t h e m e c h a n i s m o f i o d i ­
n a t i o n o f a n i s o l e a n d a n i s o l e - 2 , 4 . , 6 - d 3 b y I C l i n a c e t i c a c i d c o n t a i n i n g 
c h l o r i d e i o n (0.3 t o 0.9 M) a n d p e r c h l o r i c a c i d (0 .1 t o 0.0001 M ) . H e 
r e p o r t s a m a x i m u m i s o t o p e e f f e c t o f 3*8 a n d s t a t e s t h a t t h e r e a c t i o n 
i s i n d e p e n d e n t o f b o t h t h e h y d r o g e n i o n a n d c h l o r i d e i o n c o n c e n t r a t i o n . 
B e r l i n e r a n d S c h u l l e r ^ r e p o r t a n i s o t o p e e f f e c t o f 1.15 i n t h e 
b r o m i n a t i o n o f b i p h e n y l i n 50 p e r c e n t a c e t i c a c i d . K i n e t i c r u n s w e r e 
m a d e a t t w o d i f f e r e n t t e m p e r a t u r e s , 25° a n d 35° 9 i n t h e p r e s e n c e o f 
s o d i u m b r o m i d e (0 .1 M) a n d S o d i u m p e r c h l o r a t e (0.4. M ) . A n o t h e r k i n e t i c 
r u n w a s m a d e a t 35° w i t h 0.2 M s o d i u m b r o m i d e a n d a d e u t e r i u m i s o t o p e 
e f f e c t o f 1.15 o b t a i n e d . O n t h e b a s i s o f t h i s l a s t e x p e r i m e n t , t h e 
a u t h o r s c o n c l u d e d t h a t t h i s w a s a s e c o n d a r y i s o t o p e e f f e c t . 
(37) P . G . F a r r e l l a n d S . F . M a s o n , N a t u r e , 133, 183 (1959). 
(38) E . B e r l i n e r , C h e m i s t r y a n d I n d u s t r y , 177 ( i 9 6 0 ) . 
(39) E . B e r l i n e r , p r i v a t e c o m m u n i c a t i o n , ( i 9 6 0 ) . 
(4.0) E . B e r l i n e r a n d K . E . S c h u l l e r , C h e m i s t r y a n d I n d u s t r y , ll+UU 
( I 9 6 0 ) . 
C H A P T E R I I I 
S O U R C E , P R E P A R A T I O N A N D P U R I F I C A T I O N O F M A T E R I A L S 
A c e t i c A c i d . — T h e a c e t i c a c i d f o r a l l p r e p a r a t i o n s a n d k i n e t i c r u n s 66-
70 w a s R o s s a n d C o m p a n y g l a c i a l a c e t i c a c i d . T h e f r a c t i o n b o i l i n g a t 
1 1 5 - 1 1 6 ° w a s t r e a t e d b y t h e m e t h o d o f B r a d f i e l d a n d O r t o n ^ ' " ' " T h r e e a n d 
o n e - h a l f l i t e r s o f t h e f r e s h l y d i s t i l l e d a c e t i c a c i d w e r e r e f l u x e d f o r 
t w o h o u r s o v e r 80 g r a m s o f c h r o m i u m t r i o x i d e . T h e s o l u t i o n w a s d i s t i l l e d 
t h r o u g h a f o u r f o o t , 1-3/8 i n c h b o r e , j a c k e t e d c o l u m n p a c k e d w i t h 3/ l6 
i n c h g l a s s h e l i c e s a n d t h e f r a c t i o n b o i l i n g a t 116 - 1 1 7 ° c o l l e c t e d ( c a . 
2-3/4- l i t e r s ) . T h i s p r o c e s s w a s r e p e a t e d o n a s e c o n d t h r e e l i t e r p o r ­
t i o n o f a c e t i c a c i d a n d t h e d i s t i l l a t e s w e r e c o m b i n e d . T h e p u r i t y o f 
t h e a c e t i c a c i d w a s t h e n d e t e r m i n e d b y m e a s u r i n g t h e f r e e z i n g p o i n t 
d e p r e s s i o n . T h e a c e t i c a c i d w a s f o u n d t o b e 0.44 m o l a l i n w a t e r . T h e 
a c e t i c a c i d w a s t h e n d i l u t e d w i t h s u f f i c i e n t r e d i s t i l l e d w a t e r t o g i v e 
a n 80.0 p e r c e n t a c e t i c a c i d s o l u t i o n b y w e i g h t . 
B r o m i n e . — M e r c k , R e a g e n t G r a d e , b r o m i n e w a s u s e d f o r a l l p r e p a r a t i o n s 
a n d f o r r u n s 6 6 - 7 9 « T h e b r o m i n e u s e d w a s t h a t p u r i f i e d b y H e n d e r s o n ' ' " 
i n 1954? a n d w a s u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
C a l c i u m C h l o r i d e . — F i s h e r L a b o r a t o r y C h e m i c a l s , a n h y d r o u s c a l c i u m c h l o ­
r i d e , w a s u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
(41) A . E . B r a d f i e l d a n d K . J . O r t o n , J . C h e m . S o c . , 960 
(1924). 
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C a 1 c i u m S u l f a t e . - - Hammond D r . i e r i t e , a n h y d r o u s c l a c i u m s u l f a t e w a s u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
C a r b o n D i s u l f i d e . - - B a k e r A n a l y z e d R e a g e n t c a r b o n d i s u l f i d e w a s d i s t i l l e d 
o n a s t e a m b a t h a n d s t o r e d f o r u s e o v e r s i l i c a g e l . 
C a r b o n T e t r a c h l o r i d e . - - D o w , T e c h n i c a l G r a d e , c a r b o n t e t r a c h l o r i d e w a s 
u s e d f o r a l l p r e p a r a t i o n s . T h e c a r b o n t e t r a c h l o r i d e w a s p u r i f i e d b y t h e 
m e t h o d o f F i e s e r . T h e c a r b o n t e t r a c h l o r i d e w a s f i r s t w a s h e d w i t h l / l O 
o f i t s v o l u m e o f a m i x t u r e o f c o n c e n t r a t e d p o t a s s i u m h y d r o x i d e a n d 
e t h a n o l t h r e e t i m e s . T h e c a r b o n t e t r a c h l o r i d e w a s t h e n w a s h e d w i t h w a t e r 
s t i r r e d w i t h s m a l l p o r t i o n s o f c o n c e n t r a t e d s u l f u r i c a c i d u n t i l t h e r e 
w a s n o f u r t h e r d i s c o l o r a t i o n o f t h e a c i d , w a s h e d a g a i n w i t h w a t e r a n d 
d r i e d o v e r c a l c i u m c h l o r i d e . T h e c a r b o n t e t r a c h l o r i d e w a s t h e n d i ­
s t i l l e d a n d t h e f r a c t i o n b o i l i n g a t 76° c o l l e c t e d a n d s t o r e d f o r u s e . 
C h l o r o f o r m . - - C o m m e r c i a l c h l o r o f o r m w a s u s e d w i t h o u t f u r t h e r p u r i f i c a ­
t i o n . 
C h r o m i u m T r i o x i d e . - - B a k e r , T e c h n i c a l G r a d e , c h r o m i u m t r i o x i d e w a s u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
D e u t e r i u m C h l o r i d e . - - A s o l u t i o n o f d e u t e r i u m c h l o r i d e i n h e a v y w a t e r 
w a s p r e p a r e d b y t h e r e a c t i o n o f t h i o n y l c h l o r i d e a n d h e a v y w a t e r , a f t e r 
L3 
L a n g s e t h a n d K l i t . S e v e n t e e n m i l l i l i t e r s o f h e a v y w a t e r w a s s l o w l y 
d r o p p e d f r o m a n e q u a l p r e s s u r e f u n n e l i n t o a 1 0 0 - m i l l i t e r t h r e e - n e c k 
(4-2) L o u i s F . F i e s e r , E x p e r i m e n t s i n O r g a n i c C h e m i s t r y , P a r t I I , 
S e c o n d E d i t i o n , B o s t o n , M a s s . : D . C. H e a t h a n d C o . , 194-1, p . 283. 
(4-3) A . L a n g s e t h a n d A . K l i t , K g l . D a n s k e V i d e n s k a b . S e i s k a b . , 
M a t h . - f y s . M e d d . , 15, N o . 13 (1937); C. A . , £2, 2515 (1938). 
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r o u n d - b o t t o m f l a s k c o n t a i n i n g 25 m i l l i t e r s o f t h i o n y l c h l o r i d e . D r i e d 
n i t r o g e n w a s c o n t i n u o u s l y s w e p t t h r o u g h t h e a p p a r a t u s t o h e l p d r i v e 
t h e d e u t e r i u m c h l o r i d e t h r o u g h t h e s y s t e m . T h e g a s s t r e a m w a s t h e n 
p a s s e d t h r o u g h t w o c o l d t r a p s , c o o l e d b y a c e t o n e - d r y - i c e , t o s e p a r a t e 
o u t t h e s u l f u r d i o x i d e g e n e r a t e d w i t h t h e d e u t e r i u m c h l o r i d e . S u l f u r 
d i o x i d e h a s a b o i l i n g p o i n t o f -10° a n d a f r e e z i n g p o i n t o f - 7 5 « 5 ° , ^ 
w h i l e d e u t e r i u m c h l o r i d e h a s a b o i l i n g p o i n t o f a p p r o x i m a t e l y -85° 
a n d a f r e e z i n g p o i n t o f a p p r o x i m a t e l y -115°« S i n c e d r y i c e - a c e t o n e 
b a t h h a s a t e m p e r a t u r e o f a p p r o x i m a t e l y -78° , t h e s u l f u r d i o x i d e 
c r y s t a l l i z e d o u t i n t h e c o l d t r a p a n d t h e d e u t e r i u m c h l o r i d e p a s s e d 
t h r o u g h t h e s e r i e s o f t r a p s . T h e d e u t e r i u m c h l o r i d e w a s t h e n b u b b l e d 
t h r o u g h 74 m l . o f h e a v y w a t e r (99•5 p e r c e n t m i n i m u m ) a n d t h e e x c e s s 
v e n t e d t o t h e a t m o s p h e r e t h r o u g h a c a l c i u m c h l o r i d e d r y i n g t u b e . T h e 
d e u t e r i u m c h l o r i d e s o l u t i o n w a s t i t r a t e d w i t h s t a n d a r d s o d i u m h y d r o x i d e 
s o l u t i o n a n d f o u n d t o b e 2.44 M . 
D e u t e r i u m O x i d e . - - S t u a r t O x y g e n C o m p a n y , 99*5 p e r c e n t m i n i m u m , d e u ­
t e r i u m o x i d e w a s u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
2,6° P i b r o_mop h e n o 1 ( D B P ) . - - E a s tma n K o d a k , W h i t e L a b e l , m . p . 54"56°, w a s 
p u r i f i e d a n d u s e d i n a l l p r e p a r a t i o n s a n d k i n e t i c r u n s . T h r i t y - f i v e 
g r a m s o f DBP w a s d i s t i l l e d a t 5 mm. a n d t h e f r a c t i o n b o i l i n g b e t w e e n 
107-115° c o l l e c t e d . T h e d i s t i l l a t e w a s d i s s o l v e d i n 150 m l . o f 
(44) N . A . L a n g e , H a n d b o o k o f C h e m i s t r y , S i x t h E d i t i o n , 
S a n d u s k y : H a n d b o o k P u b l i s h e r s , I n c . , 1946, p« 262. 
T h e t e m p e r a t u r e s r e p o r t e d a r e f o r h y d r o g e n c h l o r i d e , b u t 
t h e c o r r e s p o n d i n g b o i l i n g p o i n t a n d f r e e z i n g p o i n t o f d e u t e r i u m 
c h l o r i d e s h o u l d b e a p p r o x i m a t e l y t h e s a m e . 
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c h l o r o f o r m a n d c o o l e d i n a d r y i c e - a c e t o n e b a t h u n t i l DBP c r y s t a l l i z e d . 
T h e DBP w a s t h e n d r i e d u n d e r v a c u u m a t r o o m t e m p e r a t u r e f o r o n e h o u r . 
T h e DBP y i e l d w a s 24^8 g r a m s , m . p . 56-57° w h i c h a g r e e s w i t h t h e r e ­
p o r t e d v a l u e . ^ 
2 , 6 - D i b r o m o p h e n o l - 4 - d i ( D B P - d ) . — 2 , 6 - D i b r o m o p h e n o l - / k - d 1 w a s p r e p a r e d 
b y t h e g e n e r a l m e t h o d o f I n g o l d a n d c o - w o r k e r s . ' I n g o l d s t a t e s t h a t 
o n e - h a l f o f t h e p h e n o l s h o u l d b e p r e s e n t a s t h e p h e n o x i d e i o n i n o r d e r 
t o o b t a i n t h e m a x i m u m r a t e o f e x c h a n g e . S o d i u m d e u t e r i o x i d e w a s - p r e p a r ­
e d b y a d d i n g 100 g r a m s o f h e a v y w a t e r (99-5 p e r C e n t m i n i m u m ) t o 1.7953 
g r a m s (0.0781 m o l e ) o f s o d i u m m e t a l v e r y s l o w l y w h i l e p a s s i n g a s t r e a m 
o f n i t r o g e n g a s t h r o u g h t h e s y s t e m . T h e r e a c t i o n w a s p e r f o r m e d i n a 
200 m l . t h r e e - n e c k r o u n d - b o t t o m f l a s k f i t t e d w i t h a c o n d e n s e r a n d a 
100 m l . d r o p p i n g f u n n e l . T h e s o d i u m d e u t e r i o x i d e w a s d i v i d e d i n t o t w o 
e q u a l v o l u m e s a n d p l a c e d i n t w o 50 m l . r e a c t i o n t u b e s . 
T o o n e t u b e w a s a d d e d 7.0758 g r a m s (0.028 m o l e ) o f DBP a n d t o t h e 
o t h e r w a s a d d e d 7.3059 g r a m s (0.029 m o l e ) o f D B P . T h e t u b e s w e r e 
f l u s h e d w i t h n i t r o g e n a n d s e a l e d u n d e r a n i t r o g e n a t m o s p h e r e . T h e t u b e s 
w e r e t h e n p l a c e d i n a f i v e - l i t e r r o u n d - b o t t o m f l a s k c o n t a i n i n g w a t e r 
a n d h e a t e d a t t h e b o i l i n g p o i n t o f w a t e r f o r 672 h o u r s . T h e t u b e s w e r e 
b r o k e n o p e n a n d t h e c o n t e n t s p l a c e d i n a 250 m l . r o u n d - b o t t o m f l a s k . 
T h e h e a v y w a t e r w a s d i s t i l l e d o f f u n d e r r e d u c e d p r e s s u r e a n d t h e s o d i u m 
(45) I . M . H e i l b r o n a n d H . M . B u n b u r y , D i c t i o n a r y o f O r g a n i c 
C o m p o u n d s , New Y o r k : O x f o r d U n i v e r s i t y P r e s s , 1943. 
( 4 6 ) C K . I n g o l d , C . G . R a i s i n a n d C . L. W i l s o n , J. C h e m . S o c . , 
1637 (1936). 
(47) A . P . B e s t a n d C . L. W i l s o n , J. C h e m . S o c . , 28 (1938). 
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SALT OF THE DBP AND THE DBP COLLECTED. THE SODIUM SALT AND DBP WERE 
THEN SEALED IN A REACTION TUBE AND EQUILIBRATED UNDER A NITROGEN ATMO­
SPHERE WITH FRESH HEAVY WATER (99*5 PER CENT MINIMUM) AT 100° FOR 336 
HCURS. THE TUBE WAS BROKEN OPEN AND SODIUM METAL, 2.170 GRAMS, WAS 
ADDED TO THE DBP-HEAVY WATER MIXTURE AND THE HEAVY WATER DISTILLED OFF. 
DEUTERIUM CHLORIDE 9 74 ML. OF 2.44 M, WAS ADDED TO GIVE THE 
SOLUTION A PH OF LESS THAN ONE. THE SOLUTION WAS HEATED TO 60° FOR 
ONE-HALF HOUR, COOLED, EXTRACTED FCUR TIMES WITH $0 ML. VOLUMES OF 
ANHYDROUS DIETHYL ETHER, AND THE ETHER SOLUTION DRIED OVER ANHYDROUS 
MAGNESIUM SULFATE. THE MIXTURE WAS FILTERED AND THE ETHER DISTILLED. 
THE RESIDUE WAS SUBLIMED AT 20-25 MICRONS PRESSURE IN THE TEMPERATURE 
RANGE 25-75°. THE DBP-D WAS SUBLIMED TWO MORE TIMES TO GIVE A CON­
STANT MELTING POINT OF 56.0° AND A YIELD OF 8.1 GRAMS, OR 56.3 PER CENT. 
SINCE THE DEUTERIUM ISOTOPE EFFECT WAS WITHIN THE EXPECTED RANGE, DEU-
TERIATION WAS CONSIDERED COMPLETE. 
DIETHYL ETHER.--MERCK, REAGENT ANHYDROUS DIETHYL ETHER, WAS STORED IN 
A BROWN BOTTLE OVER SODIUM WIRE AND WAS USED WITHOUT FURTHER PURIFICA­
TION. 
HYDROCHLORIC A C I D . D U PONT, REAGENT HYDROCHLORIC ACID, WAS USED WITH­
OUT FARTHER PURIFICATION. 
IIY^ ^£2®IL^22iLl e .• """"BAKER ANALYZED REAGENT, AQUEOUS 48-50 PER CENT, HY­
DROGEN BROMIDE WAS USED WITHOUT FURTHER PURIFICATION. 
LIMINE."-BAKER ANALYZED REAGENT IODINE WAS USED WITHOUT FURTHER PURIFI­
CATION. THE AQUEOUS IODINE SOLUTIONS USED WERE MADE BY EXTRACTING A 
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s a t u r a t e d s o l u t i o n o f i o d i n e i n c a r b o n t e t r a c h l o r i d e (200 m l . ) w i t h 
r e d i s t i l l e d w a t e r t h r e e t i m e s . T h e f o u r t h a n d s u b s e q u e n t e x t r a c t s w e r e 
u s e d , f o r t h e k i n e t i c e x p e r i m e n t s . T h i s m e t h o d w a s a d o p t e d t o e l i m i n a t e , 
a s n e a r l y a s p o s s i b l e , a n y e x t r a n e o u s t r i i o d i d e i o n p r e s e n t i n t h e 
o r i g i n a l i o d i n e - c a r b o n t e t r a c h l o r i d e s o l u t i o n . 
L i t h i u m P e r c h l o r a t e . — B a k e r A n a l y z e d R e a g e n t l i t h i u m p e r c h l o r a t e w a s 
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d r i e d i n a v a c u u m o v e n , 29 i n c h e s v a c u u m a n d 155°, f o r f o u r h o u r s a n d 
u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
M a g n e s i u m S u l f a t e . — M a l l i n c k r o d t , R e a g e n t G r a d e , a n h y d r o u s m a g n e s i u m 
s u l f a t e w a s u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
M e r c u r i c I o d i d e . - - B a k e r A n a l y z e d R e a g e n t m e r c u r i c i o d i d e w a s u s e d w i t h ­
o u t f u r t h e r p u r i f i c a t i o n . 
N i t r o g e n . — M a r k s c o m p r e s s e d c y l i n d e r d r y n i t r o g e n w a s u s e d w i t h o u t 
f u r t h e r p u r i f i c a t i o n . 
P e r c h l o r i c A c i d . — B a k e r A n a l y z e d R e a g e n t , 70-72 p e r c e n t , p e r c h l o r i c 
a c i d w a s u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
P o t a s s i u m D i c h r o m a t e . - - B a k e r A n a l y z e d R e a g e n t p o t a s s i u m d i c h r o m a t e w a s 
u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
P o t a s s i u m H y d r o x i d e . - - B a k e r A n a l y z e d R e a g e n t p o t a s s i u m h y d r o x i d e w a s 
u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
P o t a s s i u m I o d i d e . - - F i s h e r L a b o r a t o r y C h e m i c a l s , R e a g e n t G r a d e , p o t a s s i u m 
i o d i d e w a s u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
(4-8) L a n g e , £p_. c i t . , p . l65« 
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Potassium Permanganate.--Baker Analyzed Reagent potassium permanganate 
was used without further purification. 
Sodium.--Baker Analyzed Reagent freshly cut sodium metal was used with­
out further purification. 
Sodium Carbonate.--Baker Analyzed Reagent sodium carbonate was used 
without further purification. 
Sodium Hydroxide.—Baker Analyzed Reagent sodium hydroxide was used with­
out further purification. 
Sodium Iodide.—Baker Analyzed Reagent sodium iodide was used after dry­
ing in a vacuum oven at 28 inches vacuum and 120°C for two hours. Sod­
ium iodide stock solutions were made by dissolving the dried sodium 
iodide in redisti l led water. 
Sodium Perchlorate.--Amend Drug and Chemical, hydrated chemically pure, 
sodium perchlorate was used after drying under vacuum at 150° for ten 
hours. The sodium perchlorate was then removed, ground with mortar and 
pestle, and dried again under the same conditions for an additional 
49 
ten hours. 
Sodium Thiosulfate.--Baker Analyzed Reagent sodium thiosulfate was used 
without purification. The sodium thiosulfate solutions were standard­
ized against potassium dichromate. Potassium dichromate, 5 ml. aliquots, 
was treated with 0.2 gram of potassium iodide, 1 ml. of concentrated 
(49) I b i d . , p. 256. 
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h y d r o c h l o r i c a c i d , a n d t i t r a t e d w i t h t h e s o d i u m t h i o s u l f a t e s o l u t i o n 
t o a y e l l o w - g r e e n c o l o r . S t a r c h i n d i c a t o r , 1 m l . o f a 0.2 p e r c e n t s o ­
l u t i o n , w a s a d d e d a n d t h e t i t r a t i o n c o n t i n u e d t o t h e e n d - p o i n t , a 
s h a r p c h a n g e f r o m d a r k b l u e t o l i g h t g r e e n . T h e s o d i u m t h i o s u l f a t e 
s o l u t i o n s w e r e s t a b i l i z e d b y a d d i n g e n o u g h s o d i u m c a r b o n a t e t o g i v e a 
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0.01 p e r c e n t s o l u t i o n o f s o d i u m c a r b o n a t e . S o d i u m t h i o s u l f a t e s o ­
l u t i o n s p r e p a r e d i n t h i s m a n n e r w e r e f o u n d t o b e r e l a t i v e l y s t a b l e , 
c h a n g i n g i n m o l a r i t y t o t h e e x t e n t o f o n l y o n e t o t w o p e r c e n t p e r 
m o n t h . 
S t a r c h . — B a k e r A n a l y z e d R e a g e n t , C h e m i c a l l y P u r e , p o t a t o s t a r c h w a s 
u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . S t a r c h s o l u t i o n s , 0.2 p e r c e n t , 
u s e d f o r i n d i c a t o r s w e r e p r e p a r e d b y t r i t u r a t i n g t w o g r a m s o f s t a r c h 
a n d 10 m g m s . o f m e r c u r i c i o d i d e w i t h a l i t t l e w a t e r t o g i v e a p a s t e 
w h i c h w a s a d d e d t o o n e l i t e r o f b o i l i n g w a t e r . T h e s o l u t i o n w a s 
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b o i l e d u n t i l c l e a r , c o o l e d a n d s t o r e d f o r u s e i n a b r o w n b o t t l e . 
S u l f u r i c A c i d . - - d u P o n t , C h e m i c a l l y P u r e R e a g e n t , s u l f u r i c a c i d w a s 
u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
T h a l l i u m P e r c h l o r a t e . - - C i t y C h e m i c a l C o r p o r a t i o n , R e a g e n t G r a d e , t h a l l ­
i u m p e r c h l o r a t e w a s d r i e d i n a n o v e n a t 125° f o r t h r e e h o u r s a n d t h e n 
i n a d r y i n g p i s t o l w h i c h w a s h e a t e d f o r t w o h o u r s b y t h e v a p o r o f 
b o i l i n g c h l o r o b e n z e n e . T h e p i s t o l w a s c o n n e c t e d t o a w a t e r a s p i r a t o r 
(50) I . M. K o l t h o f f a n d E . B . S a n d e l l , T e x t b o o k o f Q u a n t i t a t i v e 
A n a l y s i s , T h i r d E d i t i o n , New Y o r k : T h e M a c M i l l a n C o . , 1952, p . ' 594. 
(51) I b i d . , p . 589 
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t h r o u g h a c a l c i u m c h l o r i d e d r y i n g t u b e a n d e v a c u a t e d d u r i n g t h e h e a t i n g . 
T h e t h a l l i u m p e r c h l o r a t e s o l u t i o n w a s t h e n m a d e b y d i s s o l v i n g t h e t h a l l ­
i u m p e r c h l o r a t e i n r e d i s t i l l e d w a t e r . 
T h i o n y l C h l o r i d e . - - E a s t m a n K o d a k , W h i t e L a b e l , t h i o n y l c h l o r i d e w a s u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
W a t e r . - - D i s t i l l e d w a t e r w a s r e d i s t i l l e d f r o m p o t a s s i u m p e r m a n g a n a t e , 
10 g r a m s , a n d p o t a s s i u m h y d r o x i d e , 40 g r a m s , i n f o u r l i t e r v o l u m e s a s 
n e e d e d . 
CHAPTER IV 
EXPERIMENTAL TECHNIQUES FOR KINETIC MEASUREMENTS 
Iodination.--The multiple flask technique was employed throughout the 
course of the experimental work. The solvent used for al l kinetic runs 
and stock solutions was redisti l led water (see Chapter I I I ) . Kinetic 
runs were carried out in 50 ml., 100 ml., or 250 ml. red, low actinic 
volumetric flasks fitted with ground-glass stoppers which were lightly 
coated with silicone grease. All the stock solutions were thermostated 
in a Sargent constant temperature bath Model S-W 3c-82055 equipped with 
an automatic thermoregulator. For kinetic runs on 2,6-dibromophenol, 
the bath temperature was set at 50.0 + 0.1° as determined by a thermo­
meter calibrated by the National Bureau of Standards. 
Generally., a stock solution of sodium iodide, perchloric acid, 
and sodium perchlorate (enough to give the final solution an ionic 
strength of 0.300 M) was f irst introduced into the reaction flasks at 
50.0°. The iodine solution was then added and finally 5*0 ml., 10.0 
ml., or 25«0 ml. of a 4.4. x 10 ^ M to 6 . 6 x 10 ^ M solution of 2 ,6 -di­
bromophenol. The flask was then shaken vigorously and the zero time of 
reaction was taken when one half of the solution of 2,6-dibromophenol 
had been introduced into the flask. To stop the reaction, a freshly 
prepared saturated solution of sodium iodide (one ml. per 50 ml. of re­
action mixture) was injected into the reaction flasks with a syringe, 
the time recorded, and the flask shaken vigorously. The contents of the 
reaction flasks were rinsed into Erlenmeyer flasks and titrated to a 
27 
starch end-point with a standard sodium thiosulfate solution x 10 
M to 1 . 3 x 1 0 M ) . Nine reaction flasks were used in each kinetic run, 
three of which contained a l l the reactants except 2,6-dibromophenol and 
were used as blanks in order to determine the i n i t i a l stoichiometric 
iodine concentration. These blanks were determined near the beginning, 
middle, and end of the kinetic runs and were found to remain essent ia l ly 
constant at the iodide ion concentrations invest igated. 
Kinetic Runs in the Presence of Thallium Perchlorate.--Thallium per­
chlorate was used in kinetic runs in order to maintain a f a i r l y low and 
constant iodide ion concentration. However, a major source of d i f f i c u l t y 
is encountered in the use of thallium perchlorate. I t has been estab­
lished that crys ta l l ine thallium iodide reacts with iodine and forms 
52 5 3 
molecular complexes in the sol id phase: 5 
6T1I + I 2 — • T 1 6 I 8 . 
This reaction occurs at 25° at iodine concentrations greater than 0 . 7 6 
- 5 - / 
x 1 0 M at iodine concentrations greater than 3*3 x 1 0 Ma second 
complex is formed 
T 1 6 I 8 + 512 — 6 T 1 I 3 
in which the per cent iodine t ied up in the complex is s t i l l greater . 
Thus, i t was found necessary to perform kinetic runs at iodine concen­
trations below 3 - 3 x 1 0 ^ M in order to keep the major portion of iodine 
(52) W. Maitland and R. Abegg, Z. anorg. Chem., 4 9 , 3 4 1 ( 1 9 0 6 ) . 
( 5 3 ) A. G. Sharpe, J. Chem. S o c , 2 1 6 5 ( 1 9 5 2 ) . 
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f r o m b e i n g p r e c i p i t a t e d a s T 1 I 3 . I t w a s n e c e s s a r y t o k e e p t h e i o d i n e 
c o n c e n t r a t i o n a b o v e 2 . 0 x 1 0 " ^ M i n o r d e r t o h a v e s u f f i c i e n t i o d i n e f o r 
a c c u r a t e t i t r a t i o n . 
G e n e r a l l y , a s t o c k s o l u t i o n o f p e r c h l o r i c a c i d , s o d i u m p e r ­
c h l o r a t e , a n d t h a l l i u m p e r c h l o r a t e w a s p i p e t t e d i n t o 50 m l . v o l u m e t r i c 
f l a s k s t h e r m o s t a t e d a t 5 0 . 0 ° . T o r e a c t i o n f l a s k s c o n t a i n i n g t h i s s t o c k 
s o l u t i o n , s u f f i c i e n t s o d i u m i o d i d e w a s a d d e d t o g i v e a f i n a l i o d i d e i o n 
c o n c e n t r a t i o n o f 1 .5 x 10 ^ M. I o d i n e s o l u t i o n o f s u c h a c o n c e n t r a t i o n 
t h a t t h e f i n a l s t o i c h i o m e t r i c c o n c e n t r a t i o n w o u l d b e b e l o w 3«3 x 10 ^ 
M w a s t h e n a d d e d . T h e s o d i u m i o d i d e w a s a d d e d i n o r d e r t o f o r m s e e d 
c r y s t a l s t o i n d u c e t h e p r e c i p i t a t i o n o f t h e a d d i t i o n a l i o d i d e i o n s 
f o r m e d i n t h e c o u r s e o f t h e r e a c t i o n . T h e r e a c t a n t s w e r e u s u a l l y a l ­
l o w e d t o e q u i l i b r a t e a b o u t a n h o u r b e f o r e t h e a d d i t i o n o f 5»0 m l . o f 
2 , 6 - d i b r o m o p h e n o l s o l u t i o n . T h e r e a c t i o n w a s s t o p p e d b y p o u r i n g t h e 
c o n t e n t s o f t h e f l a s k i n t o a n E r l e n m e y e r f l a s k c o n t a i n i n g a n e x c e s s o f 
s t a n d a r d i z e d s o d i u m t h i o s u l f a t e s o l u t i o n . T h e c o n t e n t s o f t h e r e a c t i o n 
f l a s k were rinsed with water and then 2 . 0 m l . o f a s a t u r a t e d s o l u t i o n 
o f s o d i u m i o d i d e w a s a d d e d t o p r e c i p i t a t e t h e t h a l l i u m r e m a i n i n g i n 
s o l u t i o n . T h e s o l u t i o n w a s t h e n f i l t e r e d t h r o u g h t w o m e d i u m p o r o s i t y 
f i l t e r p a p e r s u n d e r m i l d s u c t i o n . F i v e m l . o f s t a r c h s o l u t i o n w a s 
a d d e d a n d t h e p a l e y e l l o w s o l u t i o n w a s b a c k - t i t r a t e d w i t h s t a n d a r d i z e d 
i o d i n e - s o d i u m i o d i d e s o l u t i o n u n t i l a p a l e b l u e - g r e e n c o l o r w a s a t t a i n e d 
a n d t h e n b a c k - t i t r a t e d t o a p a l e y e l l o w s o l u t i o n w i t h s o d i u m t h i o s u l f a t e 
s o l u t i o n . 
B r o m i n a t i o n . - - T h e m u l t i p l e f l a s k t e c h n i q u e w a s e m p l o y e d t h r o u g h o u t t h e 
e x p e r i m e n t a l w o r k . T h e s o l v e n t u s e d f o r k i n e t i c r u n s 6 7 - 7 0 a n d s t o c k 
29 
s o l u t i o n s w a s 8 0 . 0 p e r c e n t , b y w e i g h t , a c e t i c a c i d . T h e s o l v e n t u s e d 
f o r k i n e t i c r u n s 74-79 w a s r e d i s t i l l e d w a t e r . T h e s e k i n e t i c r u n s w e r e 
c a r r i e d o u t i n 50 m l . r e d , l o w a c t i n i c , v o l u m e t r i c f l a s k s f i t t e d w i t h 
g r o u n d - g l a s s s t o p p e r s w h i c h w e r e l i g h t l y l u b r i c a t e d w i t h s i l i c o n e g r e a s e . 
A l l t h e s t o c k s o l u t i o n s f o r k i n e t i c r u n s a t 2 0 . 1 ° w e r e t h e r m o s t a t e d i n 
a S a r g e n t c o n s t a n t t e m p e r a t u r e b a t h M o d e l S - W 3c -82055 e q u i p p e d w i t h a n 
a u t o m a t i c t h e r m o r e g u l a t o r a n d c o o l e d w i t h a c o i l t h r o u g h w h i c h e t h y l e n e 
g l y c o l w a s c i r c u l a t e d b y a n " A m i n c o " r e f r i g e r a t i o n u n i t . F o r k i n e t i c 
e x p e r i m e n t s a t 0 ° , a n i c e - w a t e r s l u r r y i n a D e w a r f l a s k w a s u s e d a s a 
c o n s t a n t t e m p e r a t u r e b a t h . 
G e n e r a l l y , a s t o c k s o l u t i o n o f l i t h i u m p e r c h l o r a t e ( s u f f i c i e n t 
t o g i v e a f i n a l i o n i c s t r e n g t h o f 0.300 M ) a n d h y d r o g e n b r o m i d e w a s 
f i r s t i n t r o d u c e d i n t o t h e r e a c t i o n f l a s k s . F i v e m l . o f a s o l u t i o n o f 
2 , 6 - d i b r o m o p h e n o l w e r e t h e n a d d e d . T h e r e a c t i o n w a s s t a r t e d b y t h e 
a d d i t i o n o f 5 m l . o f c a . 0 .04 M b r o m i n e s o l u t i o n a n d t h e z e r o t i m e o f 
r e a c t i o n w a s t a k e n w h e n o n e h a l f o f t h e b r o m i n e s o l u t i o n h a d d r a i n e d 
i n t o t h e r e a c t i o n f l a s k . T h e r e a c t i o n w a s s t o p p e d b y t h e a d d i t i o n o f 
2 m l . o f s a t u r a t e d a q u e o u s s o d i u m i o d i d e a n d t h e s o l u t i o n s h a k e n a n d 
p o u r e d i n t o 10 m l . o f 4 M p o t a s s i u m h y d r o x i d e t o p r e v e n t t h e o x i d a t i o n 
o f i o d i d e t o i o d i n e . T h e s o l u t i o n w a s t h e n t i t r a t e d t o a s t a r c h e n d -
p o i n t w i t h a s t a n d a r d s o d i u m t h i o s u l f a t e s o l u t i o n d e l i v e r e d f r o m a 1 0 . 0 
m l . b u r e t t e . N i n e r e a c t i o n f l a s k s w e r e u s e d i n e a c h k i n e t i c r u n , t h r e e 
o f w h i c h c o n t a i n e d a l l t h e r e a c t a n t s e x c e p t 2 , 6 - d i b r o m o p h e n o l a n d w e r e 
u s e d t o d e t e r m i n e t h e i n i t i a l s t o i c h i o m e t r i c b r o m i n e c o n c e n t r a t i o n . 
T h e s e b l a n k s w e r e d e t e r m i n e d n e a r t h e b e g i n n i n g , m i d d l e , a n d e n d o f 
t h e k i n e t i c r u n a n d w e r e f o u n d t o r e m a i n e s s e n t i a l l y c o n s t a n t . 
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C a l c u l a t i o n o f A p p a r e n t R a t e C o n s t a n t s . - - I t w a s i n i t i a l l y a s s u m e d t h a t 
t h e r e a c t i o n o f 2 , 6 - d i b r o m o p h e n o l w a s f i r s t o r d e r i n s t o i c h i o m e t r i c i o ­
d i n e o r b r o m i n e a n d f i r s t o r d e r i n t h e p h e n o l . T h i s a s s u m p t i o n w a s 
l a t e r c o n f i r m e d b y e x p e r i m e n t . A s i m i l a r o r d e r h a s b e e n e s t a b l i s h e d 
f o r p h e n o l , a n i s o l e , a n d 4 - n i t r o p h e n o l . T h e a p p a r e n t r a t e c o n s t a n t s 
w e r e c a l c u l a t e d b y t h e i n t e g r a t e d r a t e e q u a t i o n 
i n w h i c h _a a n d b d e s i g n a t e t h e i n i t i a l s t o i c h i o m e t r i c m o l a r c o n c e n t r a ­
t i o n s o f i o d i n e o r b r o m i n e a n d s u b s t r a t e r e s p e c t i v e l y a n d x i s t h e 
m o l a r c o n c e n t r a t i o n o f s t o i c h i o m e t r i c i o d i n e o r b r o m i n e c o n s u m e d i n 
r u n , t h i s e q u a t i o n w a s u s e d t o c a l c u l a t e t h e a p p a r e n t r a t e c o n s t a n t s 
f o r v a r i o u s t i m e s a n d t h e c a l c u l a t e d r a t e c o n s t a n t s w e r e e x t r a p o l a t e d 
t o z e r o t i m e . 
(54) A . A . F r o s t a n d R . G . P e a r s o n , K i n e t i c s a n d M e c h a n i s m 
New Y o r k : J o h n W i l e y a n d S o n , I n c . , 1953, p . 17. 
t i m e t . 54 T h e u n i t s o f k a r e ( l i t e r ) ( m o l e ) ( s e c . ) . I n a t y p i c a l 
a p p 
CHAPTER V 
KINETIC MEASUREMENTS UPON 2,6-DIBROMOPHENOL 
Iodination.--Grovenstein and Henderson''" found that their proposed 
mechanism for the iodination of phenol in water containing acetate-ace­
t i c acid buffer has the following rate expression at high iodide ion 
concentration: 
[ArHOH][ l 3 " ] [H 2 0] k 2 [ArHOH][I 3 "] [HoAc] 
R A T E =
 [H+][I-] 2
 +
 W I R ? ' 
At low iodide ion concentration their rate expression assumes the form: 
RATE = ^ [ A r H O H J [ L J + M ™ ] [ L J 
in which k'., and k'2 designate the rate constant for iodination by mole­
cular iodine of phenol and phenoxide ion respect ive ly . 
21 
Ber l iner ' s mechanism for the iodination of phenol in acetate-
acetic acid buffer leads to the rate expression of Grovenstein and 
Henderson at high iodide ion concentration. According to Ber l iner ' s 
mechanism, this expression should hold for the entire iodide ion range. 
However, the expression was only tested at rather high iodide ion 
concentration. 
- ^ - [u] * 
1 2 + 1
 ^ '
 K 1 = M [ T ] 
The equilibrium constants defined throughout this thesis are 
expressed in terms of concentrations rather than a c t i v i t i e s . 
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the two mechanism are k ine t i ca l ly indistinguishable at high iodide ion 
concentrations. However, i f the reaction proceeds according to Groven­
stein and Henderson's mechanism, i t i s expected that Berl iner ' s rate 
constants should decrease with decreasing iodide ion concentration 
at low iodide ion concentrations. 
At low iodide ion concentrations, the second order apparent rate 
constant (k ) f a l l s sharply as the reaction proceeds. This decrease 
app r 1 r 
i s expected because the iodide ion concentration increases s i g n i f i ­
cantly as the reaction progresses. To obtain an apparent rate constant 
at the known i n i t i a l iodide ion concentration, k was plotted versus 
' app 
the per cent reaction and the apparent rate constant at zero per cent 
reaction was obtained. At i n i t i a l l y high iodide ion concentration where 
the per cent increase in iodide ion concentration is small r e l a t i ve to 
the i n i t i a l iodide ion concentration, the values of k were r e l a t i v e l y 
' app 
constant, and an average was taken. 
Ber l iner ' s rate constant, defined as 
k K 1 ( I 2 ) [ I ' ] 2 
[ I 3 - ] 
was also calculated for each run from the extrapolated apparent rate 
constant. The rate constant k , defined as 
k x = k i i i l , 
app
 [ l a ] 
was calculated to account for the iodide t ied up as t r i iod ide ion. 
Kinetic Reactions of 2,6-Dibromophenol.--In order to determine the 
e f fec t of iodide ion concentration on the rate of reaction of 2,6-
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dibromophenol, a wide range of iodide ion concentrations was studied 
at constant hydrogen ion concentration. The f i r s t kinetic run was per­
formed at 2 5 . 0 5 5 x 1 0 ^ M sodium iodide in the presence of perchloric 
acid and sodium perchlorate at 5 0 . 0 ° and ionic strength of 0 . 3 0 0 . 
The results (Table 1 , Run 1 6 ) indicate that there was no appreciable 
drop in the apparent rate constant throughout the reaction. This i s 
expected at r e l a t i v e l y high iodide ion concentration, since the amount 
of iodide ion formed during the reaction is r e l a t i v e l y small. The plot 
of apparent rate constant versus per cent reaction, when extrapolated 
to zero per cent reaction, gave an apparent rate constant of 5 . 9 1 + 
- 3 / - 5 -0 . 3 5 x 1 0 l . /mole sec. and a calculated value of k' of 3 . 1 9 x 1 0 sec. 
(see Table l ) . Duplication of the same run gave an apparent rate con-
stant of 5 . 9 7 + 0 . 2 1 x 1 0 l . /mole sec. and a calculated value of k' 
_ c 1 
of 3 . 1 0 x 1 0 3 sec." (Table 2 , Run 17) . 
Iodination of 2,6-dibromophenol at 5 . 6 1 2 x 1 0 ^ M sodium iodide 
showed no appreciable drop in the apparent rate constant. The apparent 
rate constants were averaged to give an apparen t rate constant of 3«90 
- 2 / - 5 - 1 
+ 0 .15 x 1 0 l . /mole sec. and a calculated k' of 2 . 6 0 x 1 0 sec. 
(Table 3 , Run 5 ) . Duplication of the same kinet ic run gave an apparent 
rate constant of 3 . 6 5 + 0 . 1 4 x 1 0 l . /mole sec. and a calculated value 
of k' of 2 . 4 6 x 1 0 _ 5 s ec . " 1 (Table 4 , Run 6 ) . 
Iodination of 2,6-dibromophenol at 1 . 6 0 4 x 1 0 1 M sodium iodide 
gave an extrapolated value of the apparent rate constant of 1 . 1 9 + 0 . 0 4 
- 1 / - 5 - 1 
x 1 0 l . /mole sec. and a calculated value of k' of 2 .07 x 1 0 sec. 
(Table 5 , Run 1 0 ) . A duplicate kinetic run gave an extrapolated apparent 
rate constant of 1 . 2 0 + 0 . 0 4 x 1 0 1 l . /mole sec. and a calculated value 
of k' of 1 . 8 6 x 1 0 ~ 5 s ec . " 1 (Table 6 , Run 1 3 ) . 
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The iodination of 2,6-dibromophenol at 0 . 5 0 1 1 x 10"^ M sodium 
iodide gave an extrapolated apparent rate constant of 3«97 x 1 0 ^ 
- 5 - 1 
l . /mole sec. and a calculated value of k' of 1.82 x 1 0 sec. 
(Table 7 , Run 1 4 ) • Duplication of the kinetic run gave an extrapolated 
apparent rate constant of 4 * 0 2 x 1 0 ^  l . /mole sec. and a calculated 
value of k' of 1.97 x 1 0 " 5 s ec . " 1 (Table 8 , Run 1 5 ) . 
The iodination of 2,6-dibromophenol at lower iodide ion concen­
tration was desirable. However, due to d i f f i c u l t i e s in extrapolating 
at low iodide ion concentrations, no firm conclusion could be reached 
regarding the e f fec t of iodide ion concentration on reaction rate at 
low iodide ion concentration. Therefore, the use of thallium ion to 
regulate the iodide ion concentration was next studied. In the presence 
of a high thallous ion concentration, the iodide ion concentration 
should remain constant during a kinetic run i f the solution is in i t ia l ly-
saturated in thallium iodide since any additional iodide formed during 
the reaction should precipi ta te as thallium iodide. 
A preliminary experiment on iodination of 2,6-dibromophenol in 
the presence of thallium ion indicated that the reaction was too fast 
to be studied in 0.021379 M HC10 A . The iodination was successfully 
carried out in the presence of thallium perchlorate (0 .0500 M) at higher 
acidi ty (0 .064137 M) . The apparent rate constants were constant through­
out the kinet ic run and were averaged to give a value of 2 . 4 0 + 0 .03 
x 10" l . /mole sec. (Table 9 , Run 6 0 ) . A duplicate kinetic run was per­
formed and gave an average apparent rate constant of 2 . 5 6 + 0 . 1 4 x 1 0 1 
l . /mole sec. (Table 10, Run 6 2 ) . 
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K i n e t i c R e a c t i o n s o f 2 , 6 - D i b r o m o p h e n o l - 4 - d . • — T h e p r e p a r a t i o n o f 2 , 6 -
d i b r o m o p h e n o l - 4 - d i s d e s c r i b e d i n C h a p t e r I I I . T h e i o d i n a t i o n o f 
o n c e e q u i l i b r a t e d 2 , 6 - d i b r o m o p h e n o l ( t h i s c o m p o u n d i s d e s i g n a t e d a s 
p a r t i a l l y d e u t e r a t e d 2 , 6 - d i b r o m o p h e n o l ) w a s s t u d i e d u n d e r t h e c o n d i ­
t i o n s o f 5 . 6 1 2 x 10"^ M ( T a b l e s 11 a n d 12, R u n s 33 a n d 38) a n d 0.5011 
x 10~^ M ( T a b l e s 13 a n d 14, R u n s 28 a n d 29) s o d i u m i o d i d e , 0.021379 M 
p e r c h l o r i c a c i d a n d 0.300 i o n i c s t r e n g t h a t 50.0°. T h e e x t r a p o l a t e d 
v a l u e o f t h e a p p a r e n t r a t e c o n s t a n t a t 5«6l2 x 10 ^ M s o d i u m i o d i d e w a s 
_ 3 _ 3 
8.40 x 10 l . / m o l e s e c . a n d 8 . 6 5 x 10 l . / m o l e s e c . i n a d u p l i c a t e 
r u n . T h e a v e r a g e v a l u e o f t h e t w o r a t e c o n s t a n t s o f t h e p r o t i o c o m ­
p o u n d ( T a b l e s 3 a n d 4? R u n s 5 a n d 6) a n d a d e u t e r i u m i s o t o p e e f f e c t o f 
( k " / K ) o f 4.43 w a s o b t a i n e d . T h e i o d i n a t i o n o f p a r t i a l l y d e u -
a p p a p p 
t e r a t e d 2 , 6 - d i b r o m o p h e n o l a t 0.5011 x 10 ^ M s o d i u m i o d i d e g a v e e x t r a -
p o l a t e d v a l u e s o f t h e a p p a r e n t r a t e c o n s t a n t o f 9 * 0 4 x 10 l . / m o l e s e c . 
=•2 
a n d 9.02 x 10 l . / m o l e s e c . ( T a b l e s 13 a n d 14, R u n s 28 a n d 29). C o m ­
p a r i s o n w i t h t h e a v e r a g e v a l u e s f o r t h e p r o t i o c o m p o u n d ( T a b l e s 7 a n d 8, 
R u n s 14 a n d 15) g a v e a d e u t e r i u m i s o t o p e e f f e c t o f J+.J+2. 
T h e i o d i n a t i o n o f 2 , 6 - d i b r o m o p h e n o l - 4 - d ( p r e p a r e d b y t w o e q u i l i ­
b r a t i o n s w i t h h e a v y w a t e r ) w a s s t u d i e d a t 5»6l2 x 10 ^ M s o d i u m i o d i d e 
i n o r d e r t o s e e i f a n y c h a n g e i n t h e m a g n i t u d e o f t h e d e u t e r i u m i s o t o p e 
e f f e c t r e s u l t e d . T h e a v e r a g e v a l u e o f t h e a p p a r e n t r a t e c o n s t a n t g a v e 
a v a l u e o f 6.66 + 0.37 x 10 l . / m o l e s e c . a n d a c a l c u l a t e d v a l u e o f 
k 1 o f 4*07 x 10 ^ s e c . 1 ( T a b l e 15, R u n 4 6 ) . D u p l i c a t i o n o f t h e k i n e -
-3 
t i c r u n g a v e a n a p p a r e n t a v e r a g e r a t e c o n s t a n t o f 6.43 + 0.41 x 10 
l . / m o l e s e c . a n d a c a l c u l a t e d v a l u e o f k ' o f 4«09 x 10 ^ s e c . 1 ( T a b l e 
1 6 , R u n 48). C o m p a r i s o n w i t h t h e v a l u e s o f t h e p r o t i o c o m p o u n d 
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(Tables 3 and 4 , Runs 5 and 6 ) gives a value of 5 . 8 + 0 . 6 for the 
deuterium isotope e f fec t (k H / k D ) . 
app app 
The iodination of 2,6-dibromophenol~4-d in 1 . 6 0 4 x 1 0 ^  M 
sodium iodide was performed and the average value of the apparent rate 
constant was 2 . 5 3 + 0 . 0 3 x 1 0 l . /mole sec. with a calculated k' of 
4 . 0 6 x 1 0 ^  sec. 1 (Table 17, Run 4 9 ) . Duplication of the kinetic 
run gave an average apparent rate constant of 2 . 5 3 + 0 . 0 9 x 1 0 l . /mole 
sec. and a calculated k' of 4 * 0 8 x 1 0 ^ sec. 1 (Table 1 8 , Run 5 0 ) . Com­
parison with the protio compound (Tables 5 and 6 , Runs 1 0 and 1 3 ) gives 
a deuterium isotope ef fec t of 4 « 7 + 0 . 2 ( k H / k D ) . 
app app 
The iodination of 2,6-dibromophenol-4~d in 0 . 5 0 1 1 x 1 0 ^ M sod­
ium iodide gave an extrapolated value for the apparent rate constant 
2 6 1 
of 7 . 8 8 x 1 0 ~ l . /mole sec. and a calculated k' of 3 * 9 0 x 1 0 " sec." 
(Table 1 9 , Run 4 l ) « Duplication of the kinet ic run gave an apparent 
—2 
rate constant of 7 . 9 0 x 1 0 l . /mole sec. and a calculated k' of 
- 6 - 1 
3 . 9 1 x 1 0 sec. (Table 2 0 , Run 4 2 ) . Comparison with the values for 
the corresponding protio runs gives an isotope e f fec t of 5 . 1 + 0 . 1 
( k H A D ). 
app7 app 
The iodination of 2,6-dibromophenol-4-d in the presence of thal­
lium perchlorate ( 0 . 0 5 0 0 M ) was performed in perchloric acid solution 
( 0 . 0 6 4 1 3 7 M ) . The average value of the apparent rate constant was 
- 2 
6 . 2 2 + 0 . 3 3 x 1 0 l . /mole sec. (Table 2 1 , Run 6 3 ) . Duplication of the 
- 2 
kinet ic run gave a value of 6 .27 + O .58 x 1 0 l . /mole sec. for the 
apparent rate constant (Table 2 2 , Run 6 4 ) . Comparison with apparent 
rate constants of the protio compound gives a deuterium isotope e f fec t 
of 4 . 0 + 0 . 4 ( k H / k D ) . 
- app7 app7 
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T a b l e 1 
R u n l6 3 2 ? 6 - D i b r o m o p h e n o l i n 25.055 x 10 ^ M S o d i u m I o d i d e S o l u t i o n a t 
50.0° 
( D B P ) 0 - 0.0006576 M ( H C l O j - 0.021379 M 
( l 2 ) 0 " 0.0002024 M (NaC10A) - 0.2761 M 
( N a l ) 0 - 25.055 x 10"^ M ( N a 2 S 2 0 3 ) - 0.006300 M 
100.0 m l . o f r e a c t i o n m i x t u r e p e r f l a s k 
T i m e e l a p s e d T i t e r R a t e C o n s t a n t x 
3 
10^  P e r c e n t 
( s e c . ) ( m l . ) ( l . / m o l e s e c . ) r e a c t i o n 
( b l a n k ) 6 . 4 2 0 . 0 0 
84 ,030 4 . 5 6 6 . 5 2 29 .03 
167,507 3 . 7 4 6 .11 5 9 . 2 3 
250,293 2 . 6 2 5.78 6 6 . 3 8 
421,078 2 . 1 6 6 . 1 3 7 6 . 3 4 
524,285 1.27 5 . 6 1 80 .23 
A v e r a g e v a l u e o f r a t e c o n s t a n t ( k ) = 5*91 + 0 . 3 5 x 
3 ]PP 
10 l . / m o l e s e c 
k f = 3.19 x 10~° s e c . " 1 
k x = 1.32 x 10"2 l . / m o l e s e c . 
l / k x x [ H + ] = 3.54 x 103 s e c . 
[l"Jo = 23.962 x 10'^ M 
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Table 2 
Time elapsed Titer Rate constant x 10 Per cent 
( s e c ) (ml.) (l . /mole s e c ) reaction 
(blank) 6 . 4 5 0.00 
79,796 4.38 6.35 32.10 
153,217 3.77 5.74 41.56 
246,374 2.65 6.15 58.92 
336,951 2.20 5.54 65.87 
411,851 1.63 6o00 74.73 
412,107 1.60 6.03 75.20 
Average value of rate constant (k ) = 5.97 + 0.21 x 10 * l./mole sec. 
app -
k' = 3.10 x 10~5 sec""1 
k x = 1.29 x 10~2 l./mole sec. 
l /k X x [ H + J = 3.62 x 103 s e c 
[ I ' J o = 23.958 x 10~U M 
Run 17, 2,6-Dibromophenol in 25.055 x 10 ^ M Sodium Iodide Solution at 
50.0° 
CDBP)0 - 0,0006576 M CHC104) - 0.021379 M 
( l 2 ) 0 - 0.0002032 M (NaC104) - 0.2761 M 
( N a l ) 0 - 25.055 x 10~^ M ( N a 2 S 2 0 3 ) - 0.006300 M 
100.0 ml. of reaction mixture per flask 
Table 3 
Time elapsed Ti te r 
( s e c . ) ( m l . ) 
(blank) 6 . 8 3 
3389 6.27 
3578 6.25 
5426 6.03 
6835 5.80 
10,319 5.21 
Rate constant x 10 Per cent 
( l . /mo le sec . ) reaction 
0.00 
3 .95 8.22 
3 .91 8.55 
3 . 6 3 11.79 
3 .79 16 .05 
4-20 25.22 
Average value of rate constant ( k a p p ) = 3-90 + 0.15 x lO"* l./mole sec. 
= 5 -1 kf = 2.60 x 10 sec. 
kX ~ 4.90 x 10~2 l./mole sec. 
l /k X x [H+J = 9-55 x 102 sec. 
[ T ] 0 = 5.294 x 10~U M 
Run 5, 2,6-Dibromophenol in 5 . 6 1 2 x 10 ^ M Sodium Iodide Solution at 
50.0° 
(DBP) 0 - 0.0006458 M (HC104) - 0.021379 M 
( l 2 ) 0 - 0.0001544 M (NaC104) - 0 . 2 7 7 6M 
( N a l ) 0 - 5 . 6 1 2 x 10""^  M ( N a 2 S 2 p 3 ) - 0.004519 M 
100.0 ml. of reaction mixture per flask 
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Table 4 
Time elapsed Ti te r Rate constant x 10 Per cent 
( s e c . ) (m l . ) ( l . /mo le s ec . ) reaction 
(blank) 5.83 0.00 
2792 5.44 3.97 6.86 
5526 5.15 3.56 11.78 
5665 5.10 3.76 12.69 
7808 4.91 3.51 15.96 
10,081 4.62 3.68 20.88 
12,836 4.44 3.40 23.99 
15,137 4.12 3.69 29-45 
Average value of rate constant (k ) = 3 . 6 5 + 0 . 1 4 x 1 0 ^ l . /mole sec. y
 a p p 
k' = 2 . 4 6 x 1 0 " 5 s e c . " 1 
kX = 4 . 6 0 x 1 0 " 2 l . /mole sec. 
l / k x x [ H + ] = 1 . 0 2 x 1 0 3 sec. 
[ f ] 0 - 5 . 3 3 8 x 1 0 " 4 M 
Run 6 , 2,6-Dibromophenol in 5 . 6 1 2 x 10 ^ M Sodium Iodide Solution at 
50.0° 
CDBP)0 - 0.0006458 M (HC104) - 0.021379 M 
( l 2 ) 0 - 0.0001320 M (NaClOj - 0.2776 M 
( N a l ) 0 - 5 . 6 1 2 0 x 10"^ M ( N a 2 S 2 0 3 ) - 0.004519 
100.0 ml. of reaction mixture per flask 
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T a b l e 5 
R u n 1 0 9 2 ? 6 - D i b r o m o p h e n o l i n 1 . 6 0 4 
5 0 . 0 ° 
x 1 0 ^ M S o d i u m I o d i d e S o l u t i o n a t 
(DBP)q ~ 0 . 0 0 0 5 9 2 S M ( H C 1 0 J - 0 . 0 2 1 3 7 9 M 
(L 2 ) 0 " 0 . 0 0 0 1 2 4 . 0 M ( N a C l O j - 0 . 2 7 8 2 M 
CNAL)0 - 1 . 6 0 4 x 1 0 ~ ^ I A (NA 2S 20 3) - 0 . 0 0 3 0 1 3 M 
1 0 0 . 0 m l . o f r e a c t i o n m i x t u r e p e r f l a s k 
T i m e e l a p s e d 
( s e c . ) 
T i t e r 
( m l . ) 
R a t e c o n s t a n t x 
( l . / m o l e s e c . ) 
1 0 ^ P e r c e n t 
r e a c t i o n 
( b l a n k ) 8 . 2 3 0 . 0 0 
1 3 6 7 7 . 4 2 1 . 2 8 9 . 8 4 
2 0 3 4 7 . 1 5 1 . 1 8 1 3 . 1 2 
2 5 8 5 6 . 9 0 1 . 1 7 1 6 . 1 6 
3 1 2 0 6 . 6 4 1 . 1 9 1 9 . 3 2 
3 6 9 4 6 . 4 8 1 . 1 2 2 1 . 2 6 
A v e r a g e v a l u e o f r a t e c o n s t a n t ( k a p p ) - 1 » 1 9 + 0 . 0 4 x 10 1 l . / m o l e s e c . 
k ' = 2 . 0 7 x 1 0 ~ 5 s e c . " 1 
k x --- 1 . 3 6 x 1 0 " 1 l . / m o l e s e c . 
l / k x x [ H + J = 3 . 4 4 x 1 0 2 s e c . 
[L"] 0 = 1 - 5 1 8 x l O " ^ M 
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T a b l e 6 
100.0 m l . o f r e a c t i o n m i x t u r e p e r f l a s k . 
T i m e e l a p s e d T i t e r R a t e c o n s t a n t x 10^ P e r c e n t 
( s e c . ) ( m l . ) ( l . / m o l e s e c . ) r e a c t i o n 
( b l a n k ) 8.23 0.00 
1631 7.23 1 . 2 6 12.08 
2347 6.86 1 . 2 4 16 .58 
3269 6.43 1.23 21.80 
4267 6.17 1.11 24-87 
5162 5 . 6 8 1 . 2 0 30.93 
6076 5.36 1.18 34-87 
A v e r a g e v a l u e o f r a t e c o n s t a n t (k ) = 1 . 2 0 + 0 . 0 4 x 1 0 1 l . / m o l e s e c . 
3 {3 {3 
k ' - 1 . 8 6 x 1 0 " 5 s e c . " " 1 
k - 1.29 x 1 0 l . / m o l e s e c . 
l / k X x [ H + ] - 3 . 6 4 x 1 0 2 s e c . 
[I~] 0 = 1 . 4 4 0 x 1 0 " ^ M 
R u n .135 2 j 6 - D i b r o m o p h e n o l i n 1.604 x 10 ^ M S o d i u m I o d i d e S o l u t i o n at 
50.0° 
( D B P ) Q - 0.0006420 M (HCIO4) - 0.021379 M 
( l 2 ) o " 0.0002478 M (NaC104) - 0.2782 M 
( N a l ) 0 - 5 . 6 1 2 x 10'^ M ( N a 2 S 2 0 3 ) - 0.006026 M 
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Table 7 
(DBP) 0 - 0.0006420 M (HC10 4) - 0.021379 M 
( l 2 ) 0 - 0.0002581 M (NaC10A) - 0.2786 M 
( N a l ) 0 - 0.5011 x 10" -4 M ( N a 2 S 2 0 3 ) - 0.006026 M 
100.0 ml. of reaction mixture per f lask. 
Time elapsed 
( s e c . ) 
T i te r 
( m l . ) 
Rate constant x 10 
( l . / m o l e sec . ) 
Per cent 
reaction 
(blank) 80 57 0.00 
477 7.71 3.52 10.01 
834 7.17 3.27 16 . 3 1 
1465 6.63 2.86 22 .61 
2089 6.15 2.63 28.21 
2612 5.86 2.43 21.60 
3037 5.60 2.36 34.64 
Rate constant extrapolated to zero time (k ) = 2.97x10 l . /mole 
sec. aPP 
k' = 1.82 x 1 0 ~ D s ec . " 1 
kX - 4 .07 x 10"1 l . /mole sec. 
l / k X x [H ] = 1.15 x 1 0 sec. 
[ I ~ ] 0 =- 0 . 4 4 6 1 x lO"^ M 
Run 1 4 , 256-Dibromophenol in 0 . 5 0 1 1 x 1 0 ^ M Sodium Iodide Solution at 
5 0 . 0 ° 
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Table 8 
(DBP) 0 - 0 . 0 0 0 5 1 3 6 M (HClOj - 0 . 0 2 1 3 7 9 M 
( l 2 ) 0 - 0 . 0 0 0 1 0 1 6 M (NaC10 4) - 0.2786 M 
( N a l ) 0 - 0.5011 x 10" •4 M ( N a 2 S 2 0 3 ) - 0 . 0 0 5 6 4 9 M 
250.0 ml. , of reaction mixture per f lask. 
Time elapsed 
( s e c . ) 
T i te r 
(ml . ) 
Rate constant x 
( l . /mole sec . ) 
10^ Per cent 
reaction 
(blank) 8 . 9 9 0.00 
6 8 6 7 . 8 4 3 . 9 3 12 .77 
1278 7.07 3 . 7 4 21 .35 
1 3 1 5 7 . 0 4 3 . 70 2 1 .69 
1900 6 . 4 5 3 .52 28.25 
2399 5.90 3.55 3 4 . 3 7 
Rate constant extrapolated to zerp 
sec. 
times (k ) = 4 . 0 2 
app x 10
 1
 l . /mole 
k' = 1 . 9 7 x 1 0 " ° sec." 
kX - 4 * 1 1 x 1 0 1 l . /mole sec. 
l / k X x [ H + ] = 1 . 1 4 x 1 0 2 sec. 
[ l " ] 0 ^ 0 . 4 7 7 9 x 1 0 " ^ M 
Run 15? 256-Dibromophenol in 0.5011 x 10 ^ M Sodium Iodide Solution at 
50.0° 
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Tabl 9 
Time elapsed T i te r Rate constant x 1 0 Per cent 
( s e c . ) ( m l . ) ( l . / m o l e sec . ) reaction 
(blank) 4 . 0 2 0 . 0 0 
4 8 3 3.83 2.35 4.78 
9 7 3 3 . 6 4 2 . 4 1 9 . 3 2 
1 3 7 9 3.52 2.38 1 2 . 6 3 
1 7 6 9 3 . 3 8 2 . 4 0 15.86 
2 2 1 0 3.28 2.48 19.82 
Average value of rate constant (k ) = 2.40 + 0.03 x 10 l . /mole sec. 
Run 60, 2,6-Dibromophenol in 0.05 
50.0° 
( D B P ) q - 0.0004351 M 
( l 2 ) 0 " 0.0003380 M 
( N a l ) 0 - 0.00015 M 
(T1C10 4) 0 - 0.0500 M 
50.0 ml. of react io 
) M Thallium Perchlorate Solution at 
(HCIO^) -.,0.064137 M 
(NaC104) - 0.1857 M 
(Na 2 S 2 0 3 ) - 0.008414 M 
mixture per flask 
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Table 10 
Time elapsed 
(sec.) 
Titer 
(ml.) 
Rate constant x 
(l./mole s ec ] 
10 
) 
Per cent 
reaction 
(blank) 3.24 0.00 
895 2.89 2.80 10.01 
1337 2.80 2 . 4 6 12.81 
1822 2.65 2.62 17.75 
2421 2.56 2.30 20.27 
3497 2.25 2.60 29.89 
Average value of rate constant (k ) = 2.56 + 0.14 x 
app — lO"
1 l./mole sec 
Run 62, 2,6-Dibromophenol in 0.0500 M Thallium Perchlorate Solution at 
50.0° 
(DBP) 0 - 0.0004351 M (HClOj - 0.064137 M 
( l 2 ) 0 - 0.0002707 M (NaC104) - 0.1857 M 
CNal ) 0 - 0.00015 M (Na 2 S 2 0 3 ) - 0.0084H 
( T l C 1 0 j 0 - 0.0500 M 
50.0 ml. of reaction mixture per flask 
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Table 11 
Run 33 5 2,6-Dibromophenol-4-d 
tion at 50.0° 
in 6 . 6 1 2 x 10"^ M Sodium Iodide Solu-
(DBP-d)o - 0.0006337 M (HCIO4) - 0.021379 M 
( l 2 ) 0 - 0.002393 M (NaClOj - 0.2776 M 
( N a l ) 0 - 5 . 6 1 2 x lO"^ M ( N a 2 S 2 0 3 ) - 0.01260 M 
100.0 ml. of reaction mixture per f lask. 
Time elapsed 
( s e c . ) 
T i te r 
(ml . ) 
Rate constant x 
( l . / m o l e sec . ) 
3 
10 Per cent 
reaction 
(blank) 3.80 0 . 0 0 
20,566 3.43 8 . 0 0 9.72 
33,191 3.23 7.94 14.99 
49,036 3.01 7.81 20.77 
68,782 2.78 7.58 26 . 8 3 
8 6 , 9 9 4 2 . 6 0 7.36 31 -57 
104 , 479 2.48 6 . 94 34.73 
Rate constant extrapolated to 
sec. 
k' = 5-41 x 10" 6 s ec . " 1 
zero time (k ) = 8 . 4 0 
app x 10"
3
 l . /mole 
kX = 1.05 x 10" 2 l . /mole • sec. 
l / k X x [ H + ] = 4.44 x 10 3 sec. 
[ l " ] 0 = 5.132 x 10" 4 M 
This compound was pa r t i a l ly deuterated. 
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Table 12 
Run 38 9 2,6-Dibromophenol-4-d in 5 
at 50.0° 
. 6 1 2 x 10"^ M Sodium Iodide Solution 
(DBP-d)o - 0.0006144 M (HClOj - 0.021379 M 
( l 2 ) 0 - 0.0002584 M (NaC10A) - 0.2776 M 
(Nal) 0 - 5 . 6 1 2 x 10~^ M ( N a 2 S 2 0 3 ) - 0.01260 M 
100.0 ml. of reaction mixture per f lask. 
Time elapsed 
( s e c . ) 
T i te r 
(ml . ) 
Rate constant x 
( l . /mole sec . ) 
3 
10 Per cent 
reaction 
(blank) 4 . 10 0.00 
20,780 3.70 8.26 9.81 
21,262 3.70 8.07 9.81 
33,175 3 . 5 5 7.31 13.47 
63,857 3.20 6 . 6 6 2 2 . 0 0 
7 2 , 6 9 0 3.10 6 . 6 4 2 4 . 4 4 
88,204 2.98 6 .29 27.36 
Rate constant extrapolated to zero 
sec. 
time (k ) = 8 . 6 5 
app x 1 0 l . /mole 
k' = 5.64 x 10~° s e c . ' 1 
kX = 1.11 x 10 2 l . /mole sec. 
l / k X x [ H + ] = 4.21 x 10 3 sec. 
[ l " ] o = 5.106 x 10^ M 
This compound was pa r t i a l ly deuterated. 
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Table 1 3 
(DBP-d)* - 0.0006391 M (HClOj - 0.021379 M 
( l 2 ) 0 - 0.0002262 M (NaC104) - 0.2786 M 
( N a l ) 0 - 0.5011 x 10~4 M ( N a 2 S 2 0 3 ) - 0 . 0 0 6 2 9 3 M 
100.0 ml. of reaction mixture per flask. 
Time elapsed 
(sec.) 
Titer 
(ml.) 
Rate constant x 
(l./mole sec.) 
2 
10 Per cent 
reaction 
(blank) 7 . 1 9 0.00 
1086 6 . 7 3 9 .62 6 . 3 9 
1582 6.57 9 .05 8.62 
2 3 9 9 6.42 7.76 10.70 
3 9 9 6 6.09 6 . 6 8 15 .29 
7 5 4 6 5 - 49 5.90 23 .64 
1 1 , 0 4 3 5.10 5.15 29.06 
Rate constant extrapolated to zero 
sec. 
k' = 3-98 x 10~6 sec." 1 
time (k ) = 9 - 0 4 
appy x 10 l./mole 
kX = 8 . 8 4 x 10~2 l./mol 
l /k X x [ H + ] = 5.29 x 10 
e sec. 
2 
sec. 
[ l " ] 0 = 0.4501 x 10~4 M 
This compound was partially deuterated 
Run 28, 2,6-Dibromophenol-4-d in 0 . 5 0 1 1 x 1 0 " 4 M Sodium Iodide Solution 
at 50.0° 
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Table 14 
(DBP-d)f - 0.0006393 M (HC104) - 0.021379 M 
(I 2) 0 - 0.00011U M (NaC104) • - 0.2786 M 
(Nal)o - 0.5011 x 10"4- M (Na 2S 20 3) - 0.008390 M 
100.0 ml. of reaction mixture per flask. 
Time elapsed 
(sec.) 
Titer 
(ml.) 
2 
Rate constant x 10 Per cent 
(l./mole sec.) reaction 
(blank) 2.65 0.00 
1759 2.43 7.93 8.52 
2399 2.35 8.04 11.49 
3507 2.24 7.69 15.63 
5179 2.11 7.07 20.53 
6790 1.98 6.92 25.42 
8377 1.89 6.52 28.81 
Rate constant extrapolated to zero 
sec. 
time (k ) = 9.02 x 
app' 
10" 2 l./mole 
k 1 = 4-39 x 10*"° s e c . " 1 
k x = 9.23 x 10 " 2 l . /mo le sec. 
l / k x x [H + ] = 5.07 x 10 2 sec. 
[I"] 0 = 0.4758 x 10" 5 M 
This compound was partially deuterateq1. 
Run 29, 2,6-Dibromophenol-4.-d in 0.5011 x 10 ^  M Sodium Iodide Solution 
at 50.0° 
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T a b l e 15 
R u n 4-6* 2 5 6 - D i b r o m o p h e n o l - 4 - d i n 
a t 50oO° 
5.612 x 10 " 4 M S o d i u m I o d i d e S o l u t i o n 
( D B P ) 0 - 0.0006002 M (HC104) - 0.021379 M 
( I 2 ) 0 - 0.0001624 M ( N a C l O j - 0.21379 M 
( N a l ) o - 5.612 x 10~ 4 M ( N a 2 S 2 0 3 ) - 0.008370 M 
100.0 mlo o f r e a c t i o n m i x t u r e p e r f l a s k . 
T i m e e l a p s e d T i t e r 
( s e c . ) ( m l . ) 
R a t e c o n s t a n t x 
( l . / m o l e s e c . ) 
10 4 P e r c e n t 
r e a c t i o n 
( b l a n k ) 3 .88 0.00 
18,300 3 .58 7 . 4 1 7.73 
29,816 3 .44 6.83 11.37 
43*216 3 .28 6.61 15.46 
59,511 3 . 1 2 6.28 19.58 
78,588 2o87 6.17 26.03 
A v e r a g e v a l u e o f r a t e c o n s t a n t ( k ) = 6.66 + 0.37 x 
a p p ' 10 l . / m o l e s e c . 
k s = 4o07 x 10 " 6 s e c , " 1 
k x = 7,75 x 10~3 l . / m o l e s e c . 
l / k X x [ H + ] 0 = 5.262 x 10" 4 M 
5 2 
Table 16 
Run 48, 256-Dibromophenol-4-d in 5.612 x 10 M Sodium Iodide Solution 
at 50.0° 
( D B P ) 0 - Oo0006100 M (HC104) 0.021379 M 
( I a ) 0 - 0.0001745 M (NaC104) - 0.2776 M 
( N a l ) 0 - 5.612 x 10"4- M ( N a 2 S 2 0 3 ) - 0.008370 M 
100.0 ml. of reaction mixture per flask. 
Time elapsed Titer Rate constant x 10^ Per cent 
(sec.) (ml.) ( l . /mole sec.) reaction 
(blank) 4.17 0.00 
21,776 3.80 7.09 8.87 
35,393 3.62 6.70 13.19 
45,058 5.50 6.53 16.07 
56,718 3.40 6.07 18.46 
71,349 3.27 5.77 21.58 
Average value of rate constant (k ) = 6.43 ± 0.41 x 10'J l./mole sec. 
app 
k° = 4.09 x 10"6 sec." 1 
k x = 7.80 x 10~3 l./mole sec. 
l / k x x [ H + ] = 6.01 x 103 sec. 
[ I " ] 0 = 5.255 x 10'U M 
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Table 17 
Run 49, 2,6-Dibromophenol-4-d 
at 50 .0° 
in I.6O4 x 10"^ M Sodium Iodide Solution 
(DBP-d) 0 - 0.0005978 M (HC104) - 0.021379 M 
( I 2 ) 0 - 0.0001526 M (NaC104) - 0.2782 M 
(Nal)o - 1.604 x I h (Na 2 S 2 0 3 ) - 0.008370 M 
100.0 ml. of reaction mixture per flask. 
Time elapsed 
(sec . ) 
Titer 
(ml.) 
2 
Rate constant x 10 
(l . /mole sec.) 
Per cent 
reaction 
(blank) 3.65 0.00 
7 H 3 3.28 2.51 10.05 
7335 3.27 2.52 10.32 
10,663 3.10 2.60 14.99 
14,564 2,94 2.54 19.38 
18,443 2.78 2.54 23.77 
18,577 2.80 2,46 23.22 
22,562 2.62 2.57 27.49 
Average value of rate constant C^ a p p ) = 2.53 + 0.03 x 10 l./mole sec. 
k1 = 4.O6 x 10~6 sec." 1 
k x = 2.71 x 10 2 l./mole sec. 
l / k x x [ H + ] = 1.73 x 103 sec. 
[ l " ] 0 = 1.499 x 10"^ M 
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Table 18 
Run 50, 2,6-Dibromophenol-4-d in 
at 50.0° 
1.604 x 10"4 M Sodium Iodide Solution 
(DBP-d) 0 - 0.0005962 M (HC104) - 0.021379 M 
( I 2 ) 0 - 0.0001667 M (NaC104) - 0.2782 M 
(Nal)o - 1.604. x 10"4 M ( N a 2 S 2 0 3 ) - 0.008370 M 
100.0 ml. of reaction mixture per flask. 
Time elapsed 
(sec . ) 
Titer 
(ml.) 
2 
Rate constant x 10 
(l. /mole sec.) 
Per cent 
reaction 
(blank) 3 . 9 8 0.00 
6198 3 .61 2.70 9 .37 
6283 3 . 6 3 2.51 8.87 
6 3 7 7 3 .62 2 . 5 5 9 .13 
10 ,6^3 3 . 4 3 2 . 4 0 13 . 8 9 
U ,172 3 .21 2 . 6 3 1 9 . 41 
17,427 3 .12 2 . 4 3 21.67 
20,314 2.98 2 . 4 9 25.19 
Average value of rate constant ( k a p p ) ~ 2.53 + 0.09 x 10 l./mole sec. 
k f = 4.08 x 10""6 sec." 1 
k x = 2.74 x 10 2 l./mole sec. 
l / k x x [ H + ] = 1.71 x 103 sec 
[ l " ] 0 = 1.491 x 10"4 M 
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Table 19 
Run 4 1 , 2,6-Dibromophenol-4-d 
at 50.0° 
in 0.5011 x 10~4 M Sodium Iodide Solution 
(DBP-d) 0 - 0.0006176 M (HC104) 0.021379 M 
( l 2 ) 0 - 0.0001356 M (NaClOj - 0.2786 M 
(Nal)o " 0.5011 x 10"4 M (Na 2 S 2 0 3 ) - 0.006298 M 
100.0 ml. of reaction mixture per flask. 
Time elapsed 
(sec . ) 
Titer 
(ml.) 
Rate constant x 10 
(l . /mole sec.) 
2 
Per cent 
reaction 
(blank) 4 .31 0.00 
2 4 3 3 3 . 8 5 7.37 10.60 
4 6 0 3 3 . 5 2 7.07 18.27 
5790 3 .35 7.03 22.21 
6790 3 .25 6 . 7 4 2 4 . 5 4 
6986 3.23 6.70 25.00 
Rate constant extrapolated to zero time (k ) = 7.88 x 10 l./mole sec. 
k» = 3.90 x 10"6 sec." 1 
x -2 i k = 8.28 x 10 l./mole sec. 
l / k x x [ H + ] = 5 . 6 5 x 10 2 sec. 
[ l " ] 0 = 0.4713 x 10"4 M 
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Table 20 
Run J+2, 2,6-Dibromophenol-4_d in 0. 
at 50.0° 
5011 x lO'^ U Sodium Iodide Solution 
(DBP-d)o - 0.0005907 M (HCIO^) 0.021379 M 
(l2)o ~ 0 . 0 0 0 1 3 2 4 M (NaClOj - 0.2786 M 
(Nal)0 - 0.5011 x 10" •4 M (Na 2S 20 3) - 0.0006298 M 
100.0 ml. of reaction mixture per flask. 
Time elapsed 
(sec.) 
Titer 
(ml.) 
Rate constant x 10 
(l./mole sec.) 
2 
Per cent 
reaction 
(blank) 4.20 0.00 
2 4 0 9 3.78 7.55 10.07 
2 4 0 0 3.78 7.58 10.07 
3 6 8 0 3.57 7.48 15.06 
4 9 3 5 3.41 7 . 4 1 18.87 
5815 3.28 7.01 21 . 9 6 
6 9 3 3 3.18 6.76 24.34 
8 2 1 4 3.06 6.76 27.20 
Rate constant extrapolated to zero time ( a^pp) = 7.90 x 10 l./mole sec 
k» = 3.91 x 10" 6 sec."1 
k x = 8.29 x 10" 2 l./mole sec. 
l/kx x [H+] = 5.63 x 10 2 sec. 
[l"] 0 = 0.4715 x 10*4" M 
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Table 21 
5 0 . 0 ml. of reaction mixture per flask. 
Time elapsed 
(sec.) 
Titer 
(ml.) 
2 
Rate constant x 1 0 
( l . /mole sec.) 
Per cent 
reaction 
(blank) 3 .27 0 . 0 0 
5 2 7 0 2 . 8 6 5 . 9 3 1 2 . 1 2 
7 9 6 4 2 . 7 6 6 .27 1 8 . 25 
1 0 , 0 9 5 2 . 4 9 6 . 9 3 2 4 . 1 8 
1 1 , 1 1 1 2 . 4 9 6 . 2 9 2 4 . 1 8 
1 2 , 1 1 6 2 .52 5 . 6 8 2 4 . 1 0 
Average value of rate constant (k ) = 6.22 + 0.33 x 10" l./mole sec. 
Run 63, 2,6-Dibromophenol-4-d in 0.0500 M Thallium Perchlorate Solution 
at 50.0° 
(DBP-d) 0 - 0.0004308 M (HC104) - 0.064137 M 
( l 2 ) 0 - 0.0002740 M (NaC104) - 0.1857 M 
( N a l ) 0 - 0.00015 M (Na 2 S 2 0 3 > - 0.0084H B 
(T iC10 4 ) 0 - 0.0500 M 
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T a b l e 22 
R u n 64.5 2 9 6 - D i b r o m o p h e n o l - 4 _ d 
t i o n a t 50.0° 
i n 0.0500 M T h a l l i u m P e r c h l o r a t e S o l u -
( D B P - d ) 0 - 0.0004308 M (HC104) - 0.064137 M 
( l 2 ) o " 0.0002725 M (NaC104) - 0.1857 M 
CNal) 0 - 0.00015 M ( N a 2 S 2 o 3 ) - 0.008414 M 
CTICIO 4) 0 - 0 . 0 5 0 0 M 
50.0 m l . o f r e a c t i o n m i x t u r e p e r f l a s k 
T i m e e l a p s e d 
( s e c . ) 
T i t e r 
( m l . ) 
R a t e c o n s t a n t > 
( l . / m o l e s e c . 
2 
c 10 P e r c e n t 
, ) r e a c t i o n 
( b l a n k ) 4 . 2 4 0.00 
4336 2 . 9 5 5.05 8 . 9 5 
5570 2.82 6.05 12 .95 
6 6 9 7 2 . 6 9 6 . 8 4 1 6 . 9 5 
7881 2 . 6 8 5 . 9 3 17 .30 
8 9 5 5 2 . 4 9 7 . 41 23.20 
A v e r a g e v a l u e o f r a t e c o n s t a n t (k ) = 6.27 + O . 5 8 x 10 l . / m o l e s e c . 
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Bromination.—Grovenstein and Henderson1 found the rate of bromination 
of 2,6-dibromophenol to be proportional to the actual bromine concentra­
tion and inversely dependent upon the hydrogen ion concentration be­
tween zero and f i r s t power. Their proposed mechanism, in which mole­
cular bromine reacts with both the phenol and phenoxide ion, may be ex­
pressed as 
rate = kX (ArHOH) [ B r 2 ] = k[Br 2](ArHOH) + k 2 ^+j H^ 
x 
The constant k should remain constant at constant hydrogen ion concen­
tration and may be calculated from k by the relationship 
1
 app 7 r 
Y k K 1 ( B r 2 ) [ B r " ] 
kX = aP.P 1 2 L 1 5 
[ B r ; ] 
where K1 i s the equilibrium constant for the reaction 
Ki _ [Br^] 
Br 2 + Br <± Br 3 ; K, = T =tt r 
2 3 1
 [ B r 2 ] [ B r - ] 
Kinetic Reactions of 2,6-Dibromophenol and 2,6-Dibromophenol-4.-d.— In 
order to determine the magnitude of the deuterium isotope e f fec t in the 
bromination of 2,6-dibromophenol, conditions closely corresponding to 
Gorvenstein and Henderson's were employed. Hydrogen bromide ( 0 . 1 0 0 M) 
and lithium perchlorate ( 0 . 2 0 0 M) were used to give an ionic strength 
of 0 .300 in 80 .0 per cent acetic acid (by weight) at 2 0 . 0 ° . The re­
sults show no appreciable drop in the apparent rate constants through­
out the course of the reaction and average of the apparent rate con­
stants was used. The f i r s t run on the protium compound gave an 
apparent rate constant of 1.03 + 0 .05 l . /mole s e c (Table 2 3 5 Run 6 7 ) . 
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T a b l e 23 
R u n 6 7 , 2 , 6 - D i b r o m o p h e n o l i n 80,0 p e r c e n t a c e t i c a c i d a t 2 0 . 1 0 
( D B P ) 0 - 0 . 0 0 2 4 5 3 M ( H B r ) - 0. 1 0 0 M 
( B r 2 ) 0 - 0.003567 M (L iC10 4 ) - 0 . 2 0 0 M 
( N a 2 S 2 0 3 ) - 0 . 0 2 0 5 0 M 
5 0 . 0 m l . o f r e a c t i o n m i x t u r e p e r f l a s k . 
T i m e e l a p s e d T i t e r R a t e c o n s t a n t P e r c e n t 
( s e c . ) ( m l . ) ( l . / m o l e s e c . ) r e a c t i o n 
( b l a n k ) 1 7 . 4 0 0 . 0 0 
1 2 1 1 3 . 3 1 1 . 1 2 23 .5 
182 1 2 . 4 0 1.00 29.8 
300 1 0 . 4 5 1.08 3 9 . 9 
4 4 9 9 . 2 0 1 . 0 4 4 7 . 1 
6 4 2 8.28 0 . 9 7 5 2 . 4 
929 7.30 0 . 9 6 5 8 . 0 
A v e r a g e v a l u e o f r a t e c o n s t a n t ( ^ a p p ) = 1 * 0 3 + 0.05 l . / m o l e s e c . 
[ B r " ] 0 = 9 . 6 7 9 x 10 " 2 M 
h x = 1.03 l . / m o l e s e c . 
6 1 
Table 24 
Run 68, 2,6-Dibromophenol in 80.0 per cent acetic acid at 20.1 0 
(DBP) 0 - 0.002453 M (HBr) - 0. 100 M 
( B r 2 ) 0 - 0.003433 M (L iC10 4 ) - 0.200 M 
(Na 2 S 2 0 3 ) - 0.02050 M 
50.0 ml. of reaction mixture per flask. 
Time elapsed Titer Rate constant Per cent 
(sec . ) (ml.) (l . /mole sec.) reaction 
(blank) 17.29 0.00 
180 12.05 1.09 30.3 
481 8,80 1.07 49.1 
480 8.80 1.07 49.1 
596 8.35 0.99 51.7 
910 7.15 1.00 58.6 
Average value of rate constant (k ) = 1.04 ± 0.04 l./mole sec. 
app 
[ B r " ] 0 = 9.672 x 10' 2 M 
k x = 1.02 l./mole sec. 
Table 25 
Run 69, 2,6-Dibromophenol-4-d in 80.0 per cent acetic acid at 20.1° 
(DBP-d) 0 - 0.002238 M (HBr) - 0. 100 M 
( B r 2 ) 0 - 0.003481 M (LiC10 4) - 0.200 M 
( N a 2 S 2 0 3 ) - 0.02050 M 
50.0 ml. of reaction mixture per flask. 
Time elapsed Titer Rate constant Per cent 
(sec . ) (ml.) (l . /mole sec.) reaction 
(blank) 16.98 0.00 
196 12.78 0.817 2 4 . 7 
317 11.60 0.776 31.7 
521 9 .92 0.777 4 1 . 6 
631 9 .35 0.818 4 4 . 9 
900 8.00 0.823 52.9 
Average value of rate constant ( k a p p ) = 0.802 + 0.019 l./mole sec. 
[ B r " ] 0 - 9.687 x 10"2 M 
k x = 0.802 l./mole sec. 
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Table 26 
Run 70. 2.6-Dibromophenol-4-d in 80.0 per cent acetic acid at 20.1° 
(DBP-d)o - 0.002265 M (HBr) - 0.100 M 
( B r 2 ) 0 - 0.003428 M (LiC10A) - 0.200 M 
( N a 2 S 2 0 3 ) • - 0.0205 M 
50.0 ml. of reaction mixture per flask. 
Time elapsed Titer Rate constant Per cent 
(sec . ) (ml.) (l . /mole sec.) reaction 
(blank) 16.72 0.00 
191 12.75 0 . 7 8 4 23.7 
312 11.15 0.817 3 3 . 3 
480 9 .88 0.787 4 0 . 9 
600 9 .08 0.811 4 5 . 7 
600 9 .08 0.811 4 5 . 7 
Average value of rate constant (k ) = 0.802 + 0.013 l./mole sec. 
app 
[ B r " ] 0 - 9.69 x 10"2 M 
k x = 0.799 l./mole sec. 
T a b l e 27 
R u n 7 4 , 2 , 6 - D i b r o m o p h e n o l i n 2 . 0 0 0 M H y d r o g e n B r o m i d e a t 0 ° 
( D B P ) Q " 0 . 0 0 0 3 7 3 7 M ( H B r ) - 2 . 0 0 0 M 
( B r 2 ) 0 - 0 . 0 0 1 2 4 . 6 M ( N a 2 S 2 0 3 ) - 0 . 0 2 0 5 0 M 
5 0 . 0 m l . o f r e a c t i o n m i x t u r e p e r f l a s k . 
T i m e e l a p s e d 
( s e c . ) 
T i t e r 
( m l . ) 
R a t e c o n s t a n t x 
( l . / m o l e s e c . ) 
P e r c e n t 
r e a c t i o n 
( b l a n k ) 6.08 0.00 
90 5.4-0 4-78 39.0 
180 4.-98 4.-62 60.0 
300 4-65 4.-83 78.5 
720 4-35 4..20 97.0 
A v e r a g e v a l u e o f r a t e c o n s t a n t (k ) = 4..61 + 0.21 l . / m o l e s e c . 
a p p 
[ B r " ] 0 = 1.9987 M 
h X = 1.80 l . / m o l e s e c . 
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Table 28 
Time elapsed Titer Rate constant Per cent 
(sec.) (ml.) (l ./mole sec.) reaction 
(blank) 6.08 0.00 
180 5.00 4-47 59.0 
300 4 . 6 8 4.56 79.0 
720 4.31 5 . 0 8 97.0 
900 4.30 4.33 9 8 . 0 
Average value of rate constant (k ) 4 . 8 6 + 0.36 l./mole 
app - 1 sec. 
[Br"] = 1.9987 M 
k x = 189.0 l./mole sec 
Run 7 5 , 2,6-Dibromophenol in 2 .000 M Hydrogen Bromide at 0 ° 
( D B P ) Q - 0.0003737 M CHBr) - 2 .000 M 
( B r 2 ) 0 - 0 . 001246M ( N a 2 S 2 0 3 ) - 0.02050 M 
50.0 ml. of reaction mixture per flask. 
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Table 2 9 
Run 78, 2,6-Dibromophenol-4-d in 2.000 M Hydrogen Bromide at 0° 
(DBP-d) 0 - 0.0003777 M HBr - 2.000 M 
( B r 2 ) 0 - 0.001226 M (Na 2 S 2 0 3 ) - 0.02050 M 
50.0 ml. of reaction mixture per flask. 
Time elapsed 
( s e c . ) 
Ti ter 
(ml . ) 
Rate constant x 
( l . /mo le sec . ) 
Per cent 
reaction 
(blank) 5-98 0.00 
180 5.08 3.99 53.0 
300 5.74 v3.6& 67.5 
.480 4.60 4 . 0 0 8 1 . 3 
720 4.26 3.15 98.0 
Average value of rate constant (k ) = 3 * 5 6 + 0 . 3 7 l . /mole sec. 
3. pp 
[ B r " ] 0 = 1 - 9 9 8 M 
k x = 1 3 9 . 0 l . /mole sec. 
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Table 30 
Time elapsed Ti ter Rate constant Per cent 
( s e c . ) (ml . ) ( l . /mo le sec . ) reaction 
(blank) 5.98 0.00 
180 5.05 3.87 50.5 
300 4.72 3.72 6 6 . 6 
480 4-56 4.11 82.0 
720 4.27 3.12 98.0 
Average value of rate constant (k ) = 3*54 + 0.38 l . /mole sec. 
app 
[ B r - ] 0 = 1.998 M 
kX = 138.0 l . /mole sec. 
Run 79, 2,6-Dibromophenol-4-d in 2.000 M Hydrogen Bromide at 0° 
(DBP-d)o - 0.0003777 M (HBr) - 2.000 M 
( B r 2 ) 0 - 0 . 0 0 1 2 2 6 M ( N a 2 S 2 0 3 ) - 0.02050 M 
50.0 ml. of reaction mixture per f lask. 
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Duplication of the kinetic run gave an apparent rate constant of 1.04 + 
0 . 0 4 l . /mole sec. (Table 24, Run 68). The deuterium der ivat ive gave 
values of 0.802 + 0.019 l . /mole sec. (Table 25, Run 6 9 ) and 0.802 + 
0.013 l . /mole sec. (Table 26, Run 70) . The deuterium isotope ef fec t was 
1.30 + 0.10 ( k H / k D ) . 
- app' app 
I t was desirable to study the bromination of 2,6-dibromophenol 
at a higher hydrogen bromide concentration ( 2 . 0 0 0M ) . Preliminary ex­
periments in 80.0 per cent acet ic acid showed that the phenol was salted 
out. Therefore, r e d i s t i l l e d water was used for the kinetic runs at 0° . 
The f i r s t kinet ic run with the protium compound gave an average apparent 
rate constant of 4«6l + 0.21 l . /mole sec. (Table 27, Run 74)• Duplica­
tion of the kinetic run gave an apparent rate constant of 4*86 + O . 36 
l . /mole sec. (Table 28, Run 75)• The deuterium compound gave values 
of 3 . 5 6 + 0.37 l . /mole sec. (Table 29, Run 78) and 3.54 ± 0.38 l . /mole 
sec. (Table 30, Run 79) for the apparent rate constants and an isotope 
e f fec t of 1.33 + 0.02 ( k H / k D ) . 
— app app 
Due to the low deuterium isotope effects obtained in these bro­
mination experiments, i t was thought that the highly acidic conditions 
used may have allowed the exchange of hydrogen for deuterium on the 
2,6-dibromophenol-4 _d. Therefore, a sample of both the protium and 
deuterium compounds were separately treated under the conditions of 
the acet ic acid kinetic runs without bromine, but with a hydrogen bromide 
concentration of 2.000 M. The reaction mixtures were extracted with 
carbon te t rachlor ide , shaken with 5 ml. portions of aqueous f i ve per 
cent sodium bicarbonate, the phases separated, and the organic phase 
dried over magnesium sulfate . The infrared spectrum of each solution 
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was run on a Perkin Elmer Infrared Spectrometer (Model 221) and compared 
with the spectra of the pure compounds. No apparent change in the 
deuterium content of the deuterium derivative was observed after 
exposure to the acetic acid reaction mixture. 
Wave lengths at which the protium and deuterium compounds were 
different were: 5»24 microns, 5.41 microns, 6.01 microns, 7.05 microns, 
7.20 microns, 7.95 microns, 8.70 microns, 9.13 microns, 10.39 microns, 
and 11.10 microns. 
CHAPTER VI 
THE MECHANISM OF IODINATION OF 2,6-DIBROMOPHENOL 
Introduction.--Apparent second-order rate constants were calculated on 
the basis of the react ion 's being f i rs t -order in stoichiometric concen­
tration of both the phenol and iodine. Such rate constants remain 
constant at high iodide ion concentration and an average value of k 
3 3
 app 
was taken. For runs at the lowest iodide ion concentration the values 
of k f e l l throughout a run and k was extrapolated to zero per 
app ^ app r r 
cent reaction in order to obtain a value of k at a def in i te iodide 
app 
ion concentration. 
The iodide ion dependency is demonstrated in Table 31 • I t can 
be seen that during a 50 fold decrease in stoichiometric iodide ion 
concentration (a t constant hydrogen ion concentration) the values of 
x 
k1 decreased nearly two fold whereas k increased by approximately 30 
f o l d . The values of k x and k 1 (as previously defined) follow a trend 
indicating that k follows a non-integral iodide ion dependence. 3
 app 3 r 
x 
Al te rna t ive ly , k has an iodide ion dependence between inverse zero 
order and f i r s t order. 
Part of the iodide ion dependence may be attributable to the 
formation of t r i i od ide through the equilibrium 
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Table 3 1 
Effect of Iodide Ion Concentration upon the Rate of lodination of 2 , 6 -
Dibromophenol 
All runs were made in aqueous solution, 0 . 0 2 1 3 7 9 M perchloric acid, at 
an ionic strength of 0 . 3 0 0 at 5 0 . 0 ° . ~ 
[l~] x 10A 
(mole/l.) 
k 
(l./mole sec.) 
k x x 1 0 3 
(l./mole sec) 
k' x 1 0 6 
(sec."1) 
Ref 
Table 
2 3 . 9 6 2 5 . 9 1 x 1 0 " 3 1 3 . 2 3 1 . 9 1 
2 3 . 9 5 8 5 . 9 7 x 1 0 5 1 2 . 9 3 1 . 0 2 
5 . 2 9 4 3 . 9 0 x 1 0 " * 4 9 . 0 2 6 . 0 3 
5 . 3 3 8 3 . 6 5 x 1 0 4 6 . 0 2 4 . 6 4 
1 . 5 1 8 1 . 1 9 x 1 0 " : 1 3 6 . 0 2 0 . 7 5 
1 . 4 4 0 1 . 2 0 x 1 0 " : 1 2 9 . 0 1 8 . 6 6 
0 . 4 4 6 1 3 . 9 7 x 1 0 " : 4 0 7 . 0 18 . 2 7 
0 . 4 7 7 9 4 . 0 2 x 1 0 " 1 4 1 1 . 0 1 9 . 7 8 
Table 32 
Effect of Iodide Ion Concentration on the Rate of Iodination of 2,6-
Di bromopheno1~4~d 
All runs were made in aqueous solution, 0,021379 M perchloric acid, 
at an ionic strength of 0.300 at 50.0°. 
[T] x K T k k x x 10 3 k* x K T Ref 
app ^ 
(mole/l.) (l./mole sec.) (l./mole sec.) (sec. ) Table 
5.132 8.40 x 10"3 10.5 5.41 11 
5.106 8.65 x 10 $ 11.1 5.64 12 
0.4501 9.04 x 10 , 88.4 3.98 13 
0.4758 9.02 x 10"^ 92.3 4.39 14 
5.262 6.66 x 10"^ 7.75 4.07 15 
5.255 6.43 x 10$ 7.80 4.09 16 
1.499 2.53 x 1 0 p 27.1 4.06 17 
1.491 2.53 x 10 p 27.4 4.08 18 
0.4713 7.88 x 10"p 82.8 3.90 19 
0.4715 7.90 x 10"* 82.9 3.91 20 
73 
K, = 490 5 5 at 50° 
Thus the concentration of iodine is inversely proportional to the con­
centration of the iodide ion. 
If the possible hydrolysis of iodine in an aqueous medium is 
considered then, 
I 2 + 2 H20 *± HOI + H30 + I ; 
[HOl] [H 3 0 + ] [ r ] 
K Z =
 [ l a ] [ H 2 0 ] » C 2 ) 
+ K? + 
HOI + H30 H2OI + H20 
[ H 2 O I + ] [ H 2 0 ] 
K3 = t— (3) 
[HOl][H 3 0 ] 
K 5 + 
or I 2 + H20 *± H2OI + I U) 
r , K 2 [ H 2 0 ] 2 [ I 2 ] 
then [ H o i ] = _ _ — , ( 3 l ) 
[ r ] [ H 3 0 + ] ^ ; 
r „ K 2 K 3 [ H 2 Q ] [ I 2 ] 
[H 2OI ] = ^ > U') 
-K K 5 [ i ; ] [ H 2 0 ] [ l 2 ] 
and [H 2OI ] = (5) 
(55) M. Davis and E. Gwynne, J. Am. Chem. Soc., 74* 274.8 
(1952). 
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I t can be seen that the concentration of H 2 0 I + i s d i rec t ly proportional 
to the concentration of iodine and inversely proportional to the concen­
tration of iodide ion. Since the concentration of I + i s d i rec t ly pro­
portional to the concentration of H 2 0 I + , these two iodinating species 
are indistinguishable under most conditions. 
Several feasible mechanisms can be evaluated from the data ob­
tained. 
Mechanism I . - -
:4 + [ArHO"][H + ] 
ArHOH *± ArHO + H [ArHOH] 
( 6 ) 
+ 1 
ArHO + H20I *± ArHOI (7) 
k 2 + 
ArHOI + H20 —• ArOI + H30 (8) 
rate = k1 [ArHO~J[H 2 0I + J (7 ' ) 
Three forms of mechanism I may be considered. For the f i r s t 
k 2 k 1 and therefore, step 7, involving k 1 , i s rate-determining. Sub­
st i tut ion of the appropriate equilibrium concentrations, ( 5 ) and ( 6 ) , 
into the rate expression for step 7 gives 
^ k ^ K g i ; A r H O H ] [ I 2 ] 
[ H + ] [ r ] 
By equating the rate as given by (8*)to that given by (9) 
rate = k a p p ( A r H O H ) ( I 2 ) (9) 
7 5 
and on the assumption that under the present conditions of acidi ty 
(ArHOH) = [ArHOH] , 
then 
k ( I 2 ) [ l " ] [H 2 0] 
k
'
 =
 [ i 2 ] =
 w > -wi • Cl0) 
Equation (10) i s similar to Berl iner ' s and demands that k' be constant 
in a medium of constant hydrogen ion concentration and varying iodide 
ion concentration. Table 31 shows that k' gradually drops with decreas­
ing iodide ion concentration and, therefore, this mechanism is probably 
disproven. Stronger evidence against the mechanism is that a large 
kinet ic isotope ef fec t was found while only a small or secondary isotope 
e f fec t is expected for this mechanism. 
Mechanism I ' , involves the attack of H 2 0 I + on the phenol and 
phenoxide ion in a fast and revers ib le step ( k 2 « k _ 1 ) followed by slow 
removal of a proton. This mechanism, however, has iodide ion dependence 
similar to that of mechanism I and is made unlikely both on the basis 
of the observed drop in k' and the decrease in isotope e f fec t with 
decreasing iodide ion concentration. 
The termolecular mechanism in which steps 7 and 8 take place 
simultaneously may be discarded for the same reasons as Mechanism I ' . 
Mechanism I I . - - T o account for the non-integral iodide ion dependence 
and the observed trend in the values of k and k ' , i t is possible to 
postulate a second mechanism which involves iodination by molecular 
iodine instead of hypoiodous acidium ion or iodine cation ( ind is t in ­
guishable as iodinating species by mechanism I or I ' ) . Such a possi-
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b i l i t y leads to the rate expression 
rate = k 0 [ A r O H ] [ l 2 ] + k, [Arj^][j l2l ( n ) 
where k 0 and k1 include any hydrogen ion dependency. Equation ( 1 2 ) may 
be rearranged to a form including k 
^2) x k l k zrAr = kX = k 0 +• — - . Cl2) 
a P P [ l 2 ] I " 
Therefore, for this mixed mechanism to hold, a plot of kX versus l / [ l ] 
should give a straight l i n e . Such a plot at constant hydrogen ion 
concentration is shown in figure 1 and the deviation from l inear i ty 
argues against this mechanism for the iodination of 2,6-dibromophenol. 
Mechanism I I I . - -
ArHOH £ ArHO"
 + H + ; K 4 = ( 6 ) 
ArHO + 1 2 *± ArHOI + 1 ( 1 3 ) 
k-1 
k 
ArHOH + I 2 <± ArHOI + i " + H + (U) 
ArHOI —• ArOI + H ( 1 5 ) 
where ArHOI is a react ive intermediate having a para-quinoid structure 
To be sure the proton formed here is aff ixed to some base; this 
step is assumed to be subject to general base ca ta lys is . 
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k x x 103 
l./mole sec. 
12 18 2k 
l / [ l ~ ] x lO""3 mole/l. 
Fig. 1. 2,6-Dibromophenol in 0.021379 M Perchloric Acid 
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Such an intermediate is assumed to be formed in small concentra­
tions r e l a t i v e to ArHOH. The application of steady state approximation 
gives 
k 1 [ArH0"] [ l 2 ] + k 2[ArH0H][l 2] = k_ 1[ArHOI][ i"] + ( l 6 ) 
k^ 2 [ArH0l][H + ] [ l~] + k 3 [ArHOl] . 
Eauation (17) can be rearranged to 
k ^ A r H O 'H l , ] + k 2[ArH0H][ l 2] 
[ArHOI] = - —
 : . (17) 
k_i[l~] + k_ 2 [H ] [ I ~ ] + k 3 
Substitution of equation ( 6 ) into (18) gives 
k ^ A r H O H ^ l J + k 2 [ A r H O H ] [ l 2 ] [ H + ] 
[ArHOI] - • • — — — — (18) 
k
„.i[l"] + k „ 2 [ H ] [ I ~ ] + k 3 [H ] 
since 
rate = k 3[ArHOl] = k ( l 2 )(ArH0H) (19) 
app 
substitution of ( l 9 ) into (20) gives 
(I2 ) [ H + ] _ , k ,K 4 + k 2 [ H + ] 
k
^pp [i a] " k L H j = k_.,/k3 [ r ] + k_ 2 A 3 m m + 1 ( 2 0 ) 
5 6 
Application of the principle of microscopic r e v e r s i b i l i t y and 
( 5 6 ) Frost and Pearson, o_p_. c i t . , p. 202. 
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equilibrium s ta t i s t i cs to reactions ( 6 ) , ( l ^ , ) and (15) leads to the 
relationship 
k k C21) 
„2 
From equations (20) and (2 l ) there may be obtained 
1 1 (22) + 
k x [ H + ] k 1 k 3 K 4 k,KA + k 2 [ H + ] 
According to equation (22) a plot of l / ( k x [ H ] ) versus [ i ] should give 
a straight l ine at constant hydrogen ion concentration ion. Figure 2 
shows that the available data do indeed f a l l on a straight l i n e . 
By extrapolating the plot of l / ( k x [ H + ] ) versus [ i ] to zero 
iodide ion concentration, the value of k 1 K4 + k 2 [ H + ] may be obtained 
from the intercept . The slope corresponds to k
 1 / k 1 K 4 . k 3 . The values 
of k-jK .^ + k 2 [ H + ] and k 1 / k 1 k 3 K 4 were found to be 70 sec. 1 and 152 x 
icA l/mole sec. respect ively (see Appendix B ) . 
I t is of interest to note that a similar plot for iodination of 
the deuterium der ivat ive gives about the same intercept , but a d i f ­
ferent slope. A similar intercept i s not unusual since the magnitude 
of k-jK^ + k 2 [ H + ] is similar for the protium and deuterium compounds. 
Since i t was assumed that proton removal occurs in the slow 
step, the deuterium isotope e f fec t presents strong evidence in favor 
of mechanism I I I . Furthermore, according to mechanism I I I the maximum 
isotope e f fec t expected should be at high iodide ion concentrations and 
the isotope e f fec t should decrease with decreasing iodide ion concen-
ao 
Fig . 2. 2,6-Dibromophenol and 2,6-Dibromophenol-<4-d in 0.021379 M 
Perchloric Acid 
Legends ( l ) O " 2,6-Dibromophenol 
(2) A - 2,6-Dibromophenol-4.-d 
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t ra t ion. Such a prediction is based primarily on the r e v e r s i b i l i t y of 
the f i r s t step. At high iodide ion concentration the intermediate ArHOI 
i s formed at small, near equilibrium concentration and the rate-deter­
mining step is the reaction of equation ( 1 5 ) . Since this reaction 
involves loss of a proton bound to carbon, a large primary isotope ef­
fect i s expected. At low iodide ion concentration reactions ( 1 3 ) and 
(14 . ) should not be appreciably reversed and these reactions correspond 
to the rate-determining steps of the reaction and only a small second­
ary isotope e f fec t is expected. 
In assuming that an appreciable isotope e f fec t exists only for 
step ( 1 5 ) , and neglecting secondary isotope effects and the e f fec t of 
ArHOI ArOl" + H + ( 1 5 ) 
ArDOI ArOl" + H + ( 1 5 ' ) 
isotopic substitution on the ionization constant of 2,6-dibromophenol 
there w i l l be two equations analogous to (22), one for the deuterium 
and the other for the protium compound. Division of one by the other 
g ives : 
k p [ H + ] p _ [ k , 1 [ l ^ ] / k 1 k 3 K j + [l/)k,KA + k 2 [ ^ ] ) ] t ( 2 3 ) 
k X [ H + ] H [ k - 1 [ i : j / k 1 k 3 K j + [l/{k,KA + kz[lt])] 
Thus, at r e l a t i v e l y high iodide ion concentration, when 
—r 1 and — » 1 , then 
K3H K3D 
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k x k 
D _ _3p 
x
 k 
H 3H 
(24) 
or 
kX k 
^ = x 7.25* 
, x k 1 
k D - r ^ - (25) 
3D 
and substitution equation (25) into equation (23) 
k H 7 ' 2 5 X k k K + ^ k ^ H ^ + k 1 K J 
x k ^ i " ] 
D
 k~k v + l / ( k 2 [ H ] + 
Since the value of k
 1/k-|k 3pjK 4 can be determined from the slope and 
intercept of figure 2, then the magnitude of the deuterium isotope ef­
fect can be calculated at any iodide ion concentration. The results 
of such calculations are tabulated in Table 33 along with those ex­
perimentally determined. The trend is similar in both cases and the 
magnitude of the deuterium isotope ef fec t diminishes with decreasing 
iodide ion concentration. 
Therefore, the preceeding discussion strongly supports mechanism 
I I I for the iodination of 2,6-dibromophenol. 
This value was calculated from the ra t io of the slopes of 
prot io and deuterio compounds in figure 2. 
8 3 
TABLE 3 3 
EFFECT OF IODIDE ION CONCENTRATION ON THE MAGNITUDE OF THE DEUTERIUM 
ISOTOPE EFFECT AT 50.0° 
REFERENCE TABLE (L)O * 1 0 4 K X X 1 0 3 K X X 1 0 3 
H D 
X" 
K H In 
PROTIUM DEUTERIUM (MOLE/L.) (L./MOLE SEC.) K
X OBS. wx 
. D. 
CALC 
3 15 
5 17 
CO
 
20 
9 21 
10 22 
5.612 
1.604 
0.5011 
T1C10 4=0.0500 
T1C10 4=0.0500 
4 9 . 0 
1 3 6 . 0 
4 1 1 . 0 
2 4 0 . 0 * 
2 5 6 . 0 S 
6 . 3 2 
5 . 0 5 
4 . 9 8 
3 . 8 5 * 
4 . 0 9 * 
6 . 8 5 
5 . 5 5 
4 . 2 0 
** 
** 
APPARENT SECOND-ORDER RATE CONSTANTS WERE USED FOR EVALUATION 
OF DEUTERIUM ISOTOPE EFFECT SINCE THE ACTUAL IODIDE ION CONCENTRATION IS 
NOT KNOWN AT 50.0°. 
AN (I ) 0 OF 0.4500 X 10 M WOULD BE REQUIRED FOR AN ISOTOPE 
EFFECT OF 4.00. 
CHAPTER VII 
THE MECHANISM OF BROMINATION OF 2,6-DIBROMOPHENOL 
Grovenstein and Henderson1 investigated the bromination of 2,6-
dibromophenol in 80.0 per cent acetic acid and found an inverse hydro­
gen ion dependence between zero and f i r s t power. These authors also 
found the rate to be proportional to the actual concentration of bromine. 
This was interpreted as bromination by molecular bromine upon both the 
phenol and phenoxide ion. Since the actual concentration of bromine 
is a function of the bromide ion concentration, 
The data of Grovenstein and Henderson can be expressed by the 
rate equation 
Br 2 + Br <± Br 3 
[Br^] Ci) 
[ B r 2 ] [ B r - ] 
K-, = 93 ( 8 0 . 0 per cent acetic acid at 20.0°) 
K-, = 1 9 - 6 (water at O 0 ) 5 7 
rate = k [ B r 2 ] (ArHOH) + 
^(ArHOH) 
( 2 ) 
Equating this to 
rate = k (Br 2 )(ArHOH). 
app ( 3 ) 
( 5 7 ) G. A. Linhart, J. Am. Chem. S o c , 4 0 , 1 5 8 ( 1 9 1 8 ) . 
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and incorporating equation ( l ) 
[ B r 3 ~ ] , . k'(ArHOH) 
r a t e
 =
 k
a p p ( A r H 0 H ) ( B r 2 ) = k (ArHOH) + [ h + ] • ( 4 ) 
Then 
k K 1 ( B r 2 ) [ B r ~ ] k_ 
k x = 3 p p 1 = k 0 + — , (5) !>:] [H +] 
where k 0 equals 2 . 5 l . / m ° l e sec. and k equals 0 . 6 0 sec. 1 . Equation 
(4.) corresponds to the expected kinetic equation for the attack of 
molecular bromine upon ionized and unionized 2,6-dibromophenol. 
I f a mechanism analogous to mechanism I I I for the iodination i s 
considered, 
f a s t
 - + [H + ] [ArHQ-]
 r , v ArHOH <± ArHO + H ; KA - -—— — ( o ) 
[ ArHOHJ 
ArHO + Br 2 <± ArHBrO + Br (7) 
k
- i 
k 2 , 
ArHOH + Br 2 , «± ArHBrO + Br + H (8) 
k
„ 2 
k 3 + 
ArHBrO —• ArBrO + H (9) 
then the rate expression becomes 
1 k ^ [ B r " ] 
+ ^ ( 1 0 ) 
k X [ H + ] k k3KA k 2 [ H + ] + k 1K 
In this case, ArHBrO is presumed to have the structure 
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In the present work in 80.0 per cent acetic acid, 0.100 M 
hydrogen bromide, an isotope effect (k H / k D ) of 1.30 + 0.10 was y
 ^ app7 app -
found in the bromination of 2,6-dibromophenol-4~d at 20°. In water, 
2.00 M in hydrogen bromide, an isotope effect of 1.33 + 0.02 was ob­
tained at 0° . 
These observed isotope effects are not too disimilar from those 
obtained by Berliner in the bromination of biphenyl (r— = 1.15)• 
Berliner concluded that his isotope effect was largely a secondary iso­
tope effect and that proton removal was not the rate-determining step. 
The data of Grovenstein and Henderson1 indicate that the rate-
determining step is the attack of the electrophile. On this basis and 
on the essentially constant isotope effect at the different bromide 
ion concentrations, it appears that the present isotope effect is a 
secondary one and reflects the effect of isotopic substitution on steps 
k1 and k 2 in the above mechanism. Therefore, proton-removal (step k 3 ) 
appears to occur after the rate-determining steps (k 1 and k 2 ) . 
CHAPTER V I I I 
SUGGESTIONS FOR FUTURE EXPERIMENTAL WORK 
I t is apparent from the l i tera ture cited that there is a need 
for more work on the bromination of phenols. I t is suggested that the 
kinetics of bromination of phenol, o-nitrophenol, £-nitrophenol, o-bromo-
phenol and £-bromophenol be investigated at varying hydrogen ion and 
bromide ion concentrations and that the deuterium isotope e f fec t be 
studied as a function of the bromide ion concentration in each case. 
I t should also be informative to investigate the kinetics of 
bromination and iodination of 2,6-dichlorophenol and i t s deuterium de­
r i v a t i v e . I t i s hoped that a study of this type, at varying hydrogen 
ion, bromide ion, and iodide ion concentrations, would c la r i fy factors 
effect ing the r e v e r s i b i l i t y of the f i r s t step in the halogenation 
of phenols. 
APPENDICES 
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APPENDIX A 
SAMPLE CALCULATION OF INTEGRATED RATE CONSTANTS 
The rate constants were calculated from the integrated form of 
the second-order rate equation, i . e . , 
2 . 3 0 3 a(b-x) 
"app ( b - a ) t 1 0 9 b (a -x) 
in which k: is the rate constant ( l . /mole s e c ) , t. is the elapsed 
time in seconds, _a is the i n i t i a l stoichiometric iodine or bromine con­
centration, b is the i n i t i a l stoichiometric concentration of 2,6-
dibromophenol, and x is the molar concentration of iodine reacted at 
time t . The sample calculation w i l l be on Run 14, Table 7 . 
a = 0,0002581 M 
b = 0 . 0 0 0 6 ^ 2 0 M ( c " a ) = ° - 0 0 ° 3 8 3 9 M 
( N a 2 S 2 0 3 ) = 0 . 0 0 6 0 2 6 M f l 0 0 - ° m 1 ' s a m P l e s ) 
t 
s e c ) 
T i t e r 
( m l . ) (a-x) x 1 0 4 (b-x) x 1 0 4 1 0 5 ( x ) a(b-x) bTa-xT 
4 7 7 7 .71 2 . 3 2 2 9 6 . 1 . 6 1 9 2 . 5 8 2 6 1 . 0 6 6 5 
8 8 4 7 .17 2 . 1 6 0 2 5 - 9 9 9 3 4 . 2 0 9 5 1 . 1 1 6 5 
1 4 6 5 6 . 6 3 1 . 9 9 7 6 5 . 8 3 6 6 5 . 8 3 6 5 1.1747 
2 0 8 9 6 . 1 5 1 . 8 5 2 9 5 . 6 9 1 9 7.2827 1 . 2 3 5 0 
2 6 1 2 5 . 8 6 1 . 7 6 5 6 5 . 6 0 4 6 8 . 1 5 6 4 1.2762 
3 0 3 7 5 . 6 0 1.6872 5 . 5 2 6 2 8 . 9 4 0 0 1 . 3 1 6 8 
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2.303 a (b-x) 
kapp = (0.0003839)t 1 0 9 b (a -x) 
t 
( s e c . ) 
2 . 3 0 3 
(b-aj t 
a(b-x) 2.303 , a(b-x) 
1 0 9
 bTa^xT Tb^aTt 1 0 9 bta^xl 
4 7 7 
8 8 4 
1 4 6 5 
2 0 8 9 
2 6 1 2 
3 0 3 7 
12.5764 
6.7862 
4.0984 
2.8717 
2.2967 
1.9753 
0.02796 
0.04825 
0.06993 
0.09167 
0.10592 
0.11952 
0.352 
0.327 
0.286 
0.263 
0.243 
0.236 
Extrapolated value of rate constant k a pp~ 0.397 l . /mole sec. 
For the calculation of k ' , the following equation was employed. 
k i k a p p K l ( i 2 ) 0 [ i - ] g 
in which K1 is the iod ine- t r i iod ide equilibrium constant at the de­
signated temperature which i s represented by 
K, = 
[I 2][I"] 
( l 2 ) 0 1 5 the i n i t i a l stoichiometric iodine concentration, [ i ] 0 is the 
actual iodide ion concentration and [I3J0 l s the actual i n i t i a l t r i i o ­
dide concentration. The sample calculation w i l l be on the same run 
represented above. 
i 2 + r .± 1 ; 
(2.581 x 10"^-x) (0.5011 x l O ' ^ - x ) ( x ) 
1
 (5.011 x 10 5 -x)(2.581 x 10 ^ - x ) 
= 490 56 
91 
490x2 -1.151033x + 6.337853 x 10"6 = 0 
Solving for x via the quadratic equation, then 
_ 1.151033 - 1.324876 - 1.2422 x 10"2 
x
 980 
1 . 1 5 1 0 3 3 - 1 . 1 4 5 6 4 7
 n c , n c i n - 5 
x = - — - — ^ ^ = 0 . 5 4 9 5 x 1 0 M 
[ l " ] 0 = 0 . 5 0 1 1 x 1 0 " 4 - 0 . 0 5 4 9 5 x 1 0 " 4 = 0 . 4 4 6 1 x 1 0 " 4 M 
k , = (0.397) (490) (2.581 x 10~4)(0.4461 xl .O" 4 ) 2 
(5.495 x 10"6) 
k1 = 1 . 8 1 6 x 10" 5 s ec . " 1 
Similar calculations were made for the bromination reactions 
using 
[ B r 2 ] [ B r - ] 
K-| in 80 o0 per cent acetic acid at 20.0° was taken as 931 and in re-
d i s t i l l e d water at 0° as 19.6^ . . 
A l l calculations of this type were made on an e l ec t r i c calculat­
ing machine with the number of s ignif icant figures shown. 
A P P E N D I X B 
F I G U R E 2 S L O P E C A L C U L A T I O N 
The slopes for both the protium and deuterium compounds were 
calculated by the expression 
1 
- intercept 
k X [ H + ] 
slope = 
[ l " ] o 
An intercept was assumed and the slope of each point with respect to 
this intercept was calculated. The slope with the lowest average de­
viation for the protium compound was 152 x 104 l./mole sec. with an 
intercept of 70 sec. This same intercept was assumed for the deu­
terium compound and a slope of H O O x l O 4 l./mole sec. was calculated. 
The calculated slopes with the assumed intercepts are shown in the 
table below. 
Assumed Calculated Slope 
Intercept (l . /mole sec.) 
( s e c . - 1 ) 
8 5 H I + 3 8 x 1 0 ^ 
80 1 4 5 + 3 4 x 107 
7 5 1 4 8 + 3 2 x lOJ 
70 1 5 2 + 28 x 107 
6 7 1 5 4 ± 2 9 x 107 
6 5 1 5 6 + 2 9 x 107 
70 (Deuterium Compound) 1 1 0 0 + 3
 x 1 0 4 
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